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FOREWORD

This report presents the final results of one of the 56 projects compris-
ing the Military Effects Program of Operation Teapot, which included 14
test detonations at the Nevada Test Site in 1955.

For overall Teapot military-effects information, the reader is re—
ferred to "Summary Report of the Technical Director M litary Effectis
Program,” WI-1153, which includes the following: (15 a description of
each detonation including yield, zero-point environment, type of device,
ambient atmospheric conditions, etc,; (2) a discussion of project results;
(3) a summary of the objectives and results of each project; and 4) a
14 sting of project reports for the Military Effects Program,.
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ABSTRACT

The results of previous tests indicated the need for additional
data relating ihe magn.tude of the dynamic pressure to specific types
of damage to drag-type equipnent tergets, particularly in the region
of precursor formation. The principal objective of Project 3.1 was to
investigate the response of such targets on seversl surfaces (water,
asphelt, and desert). In addition, the attempt was made to aftain ex-
perinental design data for ordnance equipment and to determine the
effectiveness of a roll-over safety bar placed on the vheeled vehicles.
The studies of shielding effects of armor against gemma radistion were
also conducted.

Vehicles were exposed on nine shots at distances selected to pro-
duce demzge levels of interest. 1In perticular, Shot 9 provided a test
of shock loading only; Shots 6 and 12 provided the data for the several
types of surfaces.

ALl of the shots on which vehicles were exposed were instrumented
by placing a line of self-recording flash-initiated gages that measured
static overpressure and dynamic pressure. Project 2.7 provided the
fiim badge and reduced the data for the shielding studies conducted.

An evaluation of the damage inzlicted on each item exposed was
made after each shot, and the displacements of the vehicles for each
shot was measured. A statistical analysis was conducted to determine
the correlation coefficients between displacement and damege with blast
Wwave parameters.

The conclusions which may be drawn are summarized by the following
statements:

Considerable damazge data on various vehicles, combat and transport,
were obtained. The results show that damage was most extensive on a
desert surface. From the displacement measurements and damage, the drag
forces sre higher on the desert surface than either the water or
asphalt surface. The dispiacement measurements of the jeeps indicate
that the shock wave was asymmetrical on Shot 12.

A comparison of observed damage with predictions based on the
curves presented in WT-733 and TM 23-200 shows agreement to a fair
degree of accuracy.

Considering the effect of positive duration, the results show that
scaling factor for damage radii be as wo.ho when the yield of weapon

is varied and the scaled height of burst range is between 80 and 500 ft.
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An incident overprecsure of zbout .29 poi in the repulsr reflec-
tlon region is required to produce significent dsmage 1o jeepe from
shock loading only.

1

Protection agoinst drag forces cun be achieved vwhen the lfem 1
placed behlind & barricade which 'm i‘bself czn withstand high drsg ©

The roll-over safety vers placed on the vehicles helped minimize
cab and body damage. Certain design fesiures can be incorporsied in
the design of ordnance eguipment which wil. minimize the demage

B

The average atten.ation of gemma radisiion Dy ermored vehicles, the
M8, T97, and M59 are 0.1, 0.6 and 0.7 respectively. The lethsl radii
for personnel from geamma radiztion externds farther then blast demage
radii for the armored wvehicles.
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PREFACE

This report describes the field layouis used to obtzin the objec-
tives of Project 7.1, discusses and znalyzes the effects of the various
shots on these layouts, seis forth the conclisions derived from the
effects noied, and mekes recommerdsiions.

In gddition 1o the expos.re
BRL coordinatved the exposure of eguipmeni for the Develonmeau and oot
Services (D%PS) Aberdeen Proving Cround, a5 part of the Desert Rocﬂ
Troop Training Program. The purpose of the exzposure by D&PS was to

obtain technical design date for fTuture design of Ordnznce eguipment.

This repori contains the blest demage informsiion obtained by the
exposure of items by Project 5.L, D&PS, U. S. ¥arine Corps, and the
esert Rock Program.During each of the evenis in which eguipmeni was
exposed, pressure measuremenis were made 10 correlate i
wawve characieristics. A separate report, Wr-1155, has been written
describing the pressure measurements and the resulis of sach shot.
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By arrangement with Project 2 Tilm badges were obtained and
ised to investigate the shieiding effecis of armor against the inig
gemma radiation on all shots on which tanks and other armored eguip-
ment was exposed. The resulis of i
the report writiten by Project 2.7 and 3

al

e individuals and agencies for the
plendid cooperation g ect 3.1 during the various phases of
Operation TEAPQT., Particular aporeciation is gratefully extended to
members of the BRL organization, and the personnel of D&PS and the
Detroit Arsenal. These men rendered invaluable zid in the field work
and demage evaluation.
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Grateful acknowledgement is made to E. E. Minor for providing
technical and administrative guidance throughout the various stages of
the project. To CDR ¥W. M. Mclellon, and his staff, special appreciation
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Self~Propelled Gun, T97, 2350 £t from

Ground Zero After Shot L = = = = = = = = = ¢ = = = = =« & 118
Truck, S5-Ton, M51, 3000 ft from Ground

Zero, Shot [j = = = = = = = = o m e e e e e e e - - - 118
Truck, 5-Ton, M51, 3380+ft from Ground

Zero, Shob L = =« = = o ¢ e = e o e e o e o a - - .- - 118
Jeep on Desert Surface, Shot 6, Side-On,

1800 ft from Ground Zeroc = = = = = = = = = = = = -~ = - - 119
Jeep on Asphalt Surface, Shot 6, 1800 ft

from Ground Zero = - = = = = = = = = = = = 2 = = - - = = « 119
Jeep, 112 £t from Actual Ground Zero, Shot 9- - = = = =« - < 119
Jeep, 236 ft from Actual Ground Zero, Shot 9= = = = = = = - 119
Jeep, 773 ft from Actual Ground Zero, Shot 9- = = = = = « « 120
Jeep, 1022 £t from Actual Ground Zero, Shot 9 = = = = = = = 120
Typical Arrangement of BRL Jeeps, Shot 1

(Preshot) Desert lLine~ - = = = = = = = T NN P 120
Typical Arrangement of BRL Jeeps, Shot 12

(Preshot) Water Line = = = = = = = = = o = = = = = = = = = 120

Typical Arrangement of BRL Jeeps, Shot 12

(Preshot) Asphalt Line = = = = = = = = = = = = = = = = = = 121
Three Jeeps, Side by Side, 2000 ft from

Cround Zero, Shot 12 = = = = = @ ¢ 0 = = = = = = = = = = = 121
Preshot Pictures of Jeep Behind Dirt Mound,

2000 ft from Ground Zero, Shot 12= = = =~ = = = = = = ~ = = 121
Preshot Picture of Jeep Behind Dirt Mound,

2000 ft from Ground Zero, Shot 12- = = = = = = = = = = = « 121
Self-Propelled Gun, T97, 2000 ft from Ground

Zero After Shot 12 = = = = = = = = = = = @ 0 = = = == - - 122
Truck, 1/li Ton, Behind Dirt Mound After Shot 12,

2000 £t from Ground Z2ero = = = ~ = = = = = = = = « =« = = = 122

' 13

SECRET



Truck, 1/4 Ton, Behind Dirt Mound After Shot 12,

2000 £t from Ground Zero = - = = = = = = = = = - = =« = ~ =
Remains of Jeep Placed Behind Sand Bags, 2000 ft

from Ground Zero, Shot 12- = = = = = = = = = = = = = - - -
Truck, 1/l Ton, Showing Roll-Over Safety Bar

Protection, 2750 ft from Ground Zero, Shot 12- - - - - - -
Jeep, Side-On, 2000 £t from Ground Zero, Desert

Line, After Shot 12- = = = = = = = = = = = ¢ o & = o = = =
Jeep, Side-Cn, 2250 ft from Ground Zero, Desert

Iine After Shot 12 = = = = = = = = = = = = = = = = =« = =
Jeep, Side-0On, 3000 ft from Ground Zero, Desert

Iine, After Shot 12- = = = = = = = = * = = 0 0 = = = = - =
Jeep, Face-On, 3000 ft from Ground Zero, Desert

Line, After Shot 12- = = = = = = = ¢ = = = - = = o =« = =
Jeep, Face-On, 2000 ft from Ground Zero, Asphalt

Line, After Shot 12~ - = = = = = = = = o = = = = = = == =
Jeep, Side-Cn, 225- ft from Ground Zero, Asphalt

Line, After Shot 12- = = = = = = = = = = = = = = = = = = =
Jeep, Side-On, 2500 ft from Ground Zero, Asphalt

Iine, After Shot 12= = = = = = = = = = =« = = = = = = = = =
Jeep, Face-On, 3000 ft from Ground Zero, Asphalt

Line, After Shot 12= = = = = = = = = = = = = = = = = = = =
Jeep, Face-Cn, 2000 ft from Ground Zero, Water

Iine, After Shot 12- = = = = « - = = = = = ¢ = = = = = = =~
Jeep, Face-On, 2500 £t from Ground Zero, Water

line, After Shot 12- = = = = = = = = = = = = = = = = = = =
Jeep, Face-Cn, 2750 £t from Ground Zero, Water

Line, After Shot 12« = = = = = = o = - 0 0 0 0 0 = = = = -
Jeep, Side-Cn, 3000 ft from Ground Zero, Water

Line, After Shot 12- = = = - 0 = 0 & & e s o = e === =
M48 Tank, Side-On, Gun to Rear, 2000 ft from

Ground Zero After Shot 12~ = = = = = = = = = = « = = = = =
M59, Rear-On, 2000 ft from Ground Zero,

After Shot 12= = = = = = = = = = 0 - = o =0 o 2 ¢ =« = = =
T97, Rear-Cn, 2000 £t from Ground Zero

After Shot 12= =~ = = = = = = = = = = = = = = = = = = == =
Mi8 Tank, Side=Cn, Gun Over Left Side, 2050 £t

from Ground Zero After Shot 13 = = = = = = = = = = = = = =
M:i8 Tank, Face-On, 2050 ft from Ground Zero,

After Shot 13= = = = = = = = = = = = = =0 0 0 = = = = = = =
Mi8 Tank, Side-On, Gun Over Left Sice, 2050 ft

from Ground Zero After Shot 13 = = = = = = = = = = = = = =
Mi8 Tank, 3/L Left Side on, Gun Forward, 2050 ft

from Ground Zero After Shot 13 = = = = = = = = « = = = - =

ML8 Tank, Side-On, Gun Over left Side 2050 ft

from Ground Zero After Shot 13 = = = = = = = = = = = = = =
T97, Face=Cn, Brakes Off, 2050 ft from Ground

Zero After Shot 13 = = = = = = = = = o o c = o & & = = = -
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Chapter |
INTRODUCTION

1.1 OBJECTIVES

The primary objective of Project 3.1 was to investigate the re-
sponse of drag-type equipment targets to blast waves propagated over
three different surfaces: water, asphalt, and desert.

Secondary objectives were to determine the effect on damage of
variation in the positive phase duration or yield to determine the
damage from shock loading only and to obtain data to improve knowledge
of demsage to equipment and damage criteria.

An additional objective was to coordinate and asdst a program of
equipment exposure by the Development and Proof Services (D&PS),
Aberdeen Proving Grounds, Maryland, under the Desert Rock Operation so
that maximum information would be obtained by D&PS and complementary
data for the objectives of Project 3.1 would result.

The principal objectives of the D&PS program of eyuipment exposures
were to: (1) familiarize Ordnance Corps design and test agencies with
nuclear explosive concepts; (2) evaluate the vulnerability of current
production combat vehicles to nuclear weapons; (3) obtain experimental
design data for transport and combat vehicles; (4) evaluate modifica-
tions designed to minimize damage to transport vehicles; and (5)
examine the attenuation of nuclear radiation within the armored vehicles.

1.2 BACKGROUND

Past tests, particularly UPSHOT/KNOTHOLE (Reference 1) and CASTLE
(Reference 2), have established dynamic pressures within certain
regions as the significant parameter associated with damage to drag
targets. However, the magnitudes of dynamic pressures for specific dam-
age are uncertain. This uncertainty arises principally in the zone of
precursor formation (References 3, 4). Within the precursor zone the
Rankine-Hugoniot relation (Eq. 1.1) between static overpressure and
dynamic pressure no longer holds.

Py = 2.5 Ps2/(PS + TP,) (1.1)
where: P, = peak dynamic pressure (psi)

P, - Dpeak static overpressure (psi)1

P, = ambient pressure (psi)

In general, the static overpessures are lowered below the pres-
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sures of the ideal pressure-distance curve, and dynamic pressures are
increased over that which would be computed from Equation 1.1 using
the static-pressure measurements.

Certain conditions for precursor formation are presumably known
(References 5,6). Furthermore, it is known that formation of a pre-
cursor over a desert surface will result in the shock wave being dust
loaded. Precursor characteristics over other than desert surfaces have
not been thoroughly investigated. During Operation TEAPOT, it was ex-

pected that a strong precursor almost entirely free of extraneous
particles would form over a prepared asphalt surface and that over a
prepared water surface no precursor would form but to some extent the
shock wave would be water laden. The precursor characteristics and
dynamic pressures to be expected under these surface conditions were
unknown.

In previous tests 1/L-ton trucks (jeeps) have been exposed to
nuclear detonations under various burst conditions at the Nevada Test
Site and the Pacific Proving Grounds. The response of the jeeps and
the damage sustained reflected the actual forces applied. Jeeps are
regarded as typical drag targets and can be considered as response
gages. It was expected that the response of jeeps exposed on the three
test surfaces of Operation TEAPOT, coupled with measurements of the
basic parameters of the blast wave, would shed light on the effect of
surface conditions and precursor formation on damage to drag targets.
Damage criteria as presently established for equipment targets (Refer-
ences 1, 7) are based primarily on results obtained for dust-laden
blast waves on a desert surface; i.e., most of the data have been ob-
tained under normal Nevada Test Site conditions.

In order to establish reliable damage criteria for the present
array of nuclear weapons, some knowledge is required of the effect on
damage of varlation in yield. At the same pressure level the positive
phase duration varies as yl/3 where W isthe yield. The revised edition
of the Capabilities of Atomic Weapons (Reference 7) proposed that scal-
ing of ground range for damage be as wo- . Prior to Operstion TEA-
POT, data were available on damage to jeeps from a multi-megaton
device (Reference 2), but complete analysis of the effect of positive
duration was not available. Hence the informstion obtained from the
present and past operations will determine whether or not pressures for
specific damage will be lowered if the yield is increased.

Of further interest is the effect on damage due to shock loading
only. Shock loading is expected to become important as targets ap-
proach ground zero. The horizontal component of dynamic pressure
diminishes as ground zero is approached and the effective forces for
damage are due to the static overpressure. This effect is not signifi-

cant in reducing damage in the case of low air to surface heights of
burst. Similar exposure to primarily static overpressure loading may
occur for targets shielded from drag forces by barricades.

The D&PS program was based on an Ordnance Corps requirement for
examining the damage characteristics of Ordnance e.uipment with the
objective of locating weak components or discovering modifications in
design which would produce significarmt reductions in damage and repair
times. Further, it was expected that orientation of Ordénance Corps
design and test personnel with respect to the effects of nuclear

16
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explosions on ordnance eguipment would provide a basis for the effect-
ive design of equipment more resistant to those effects. Previous
exposures (References 1,2) had indicated some modifications to reduce
demage to existing transport vehicles, and the D&PS program was ex-
pected to evaluate the effectiveness of these modifications.

The study of shielding from nuclear radiation was required for a
complete assessment of the vulnerability of equipment and the personnel
within.

Appendix B presents additional discussion of the D&PS program, and
Appendix C describes the radiation shielding study.

17
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Chapter 2
EXPERIMENT DESIGN

The following is a listing of ordoance ftems used for exposure in
Operation TEAPOT by Project 3.1 and DEPS.

1/M-ton truck, OLA L¥PCeciwuswvsvwcoscvosnvnes 50 €aCH
1/l-ton truck, M3BAles.ewerroenmumsnmwonnnewns © €3ch
2-2-ton truck,M35 (REO)u. vvesvmurnmusmnvnenns & €3CH
2-%-ton truck,ML35 (GMC)uuuvmsvenwaunonannaes © each
S-ton Aump tIUCK, MS5L wwwwewrvvivonsuvnnnnunws U4 €2CH
Armored Infantry Vehicle, M59 wuvevecwwrnnmnes L €3Ch
gelf-propelled, 155 mm gun, TI7 wevvvewercwesws 1 each
Tank, 90 mm, MUS o ivuvn crwnnirnn cswnnnnnnens 3 €3EH

The old-type 1L/h-ton trucks were used to meet the objectiwves of
Project 3.1. The, ;meided a relatiwvely inexpensive gage for determin-
ing the damage-producing capacity of different type of blast waves to
drag targets. The other ecuipment was used for exposure by D&PS. On
each of the D&PS wheeled vehicles, an arched bar was welded to the body
to minimize Gamage as a result of rolling over. This was called a roll-
over safety bar. Tn addition to furnishing design datae to D&PS, ‘the
exposur: of this eguipment provided a consiferable smount of damege
data for Project 3.1

The original plan was to expose the fifty Project 3.1 jeeps on
three shots, Shots 1, 6, and 12. Ten were to be placed on the Shet 1,
and sixbeen were to be placed on Shot 6, eight on = desert line and
ei ght on an asphall surface. The remeining twenty-four were to be
placed on Shot 12, eight on the desert line, and eight on the asphalt
line, and eight on the water lime. Unforseeable circumstances resulted
in a slight modification of this program. In the following sections,
where each ghot is discussed individually, the exposure of this eguip-
ment is further discussed.

The operational plan for exposure of the D&PS test items called
for utilization of all shots. Participation in any event depended wvery
much upon the scheduled sequence of that event, and changes in the
scheduled sequence of that event, as Operation Teapot proceeded in ‘the
field. Participation was anticipated for at least five shots. The
plan called for initial exposure of eguipment in pressure zones where
light damage would be expected and, in each succeeding shot, for
placement of the equipment in higher pressure zones until the severe
demage zone was reached. This program had to be changed considerably
after the first shot. The problem of exposing the eguipment are more
fully explained in the following sections.

The study of the attenuation of puclear radiation by wvehicle
armor was arranged as part of the program of Project 2.7 (Reference 10).
Film peckets for measurement of gamma radiation ‘within the armored
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vegiches wepre suppliedl by Project 2.7, Thess puckels wens placsd wilie
im the vehicles to measure the rafiation peceived by menbers of Lus
weiche erew andl, in lbe case of Lhe MY, the pussengens. Plams wspe
arransed for peapvery of Hhe il as soon 28 possible after e shols.
When megovemed, the e wos returmed Lo Project 2.7, whede procsssing
and date reduction was performed.

20 FIELD fAYowy, SHOT 1

Shot 1 wag an 2l dnop of 4 low yield devies with zn cxpected
bupst allitude of 800 fi. As was originally plonesd, ten 3.1 Feps
were exposed. They weme placed from gronnd zewe to 2,000 feet, e
placement of ‘Lhe wehicles was intended fo support e bypothesis Ghet
the Jeeps 2t ground zere wouwld susisin less dawsge Chen lhose Carther
avay. “lois would be due to Ghe low sir flow ot gmound zery acoompany-
ing the low porizential component of dymamnic pressure, even fhough ststie
pregsures would be higher ob growsd zewe Yhen 2f Jdistemces fartier
awsy. Also of imberest was the effect of a welatively shord positive-
phase durstion of dsmage.

ALL ‘the DIPS test items were loeated im the Shot U apea prior fo
fhot 1, since this shol was schefulled for toe first event. Wuen Lhe
sevedule was ohenged., 21l tie DEPS welicles, exeept the thmee MUB teopks
wene moved fo the Suol 1 area a2 day before shot time, These were lo-
cated Where damsge mas expected to be light. Figure 2.1 and Teble 2.1
show the field layowi fior Shet 1.

2.2 FIBID LAYOUT, SHOT 2

Shot 2 was a low-yield fevice from o 300-foot tower. Taere was Do
plan for the exposure of Project 3.1 jeeps on This shot.

After Shot 1 bhere were mpeertaimties im the scheduling of shots.
In view of these uwneerisinties, @ decision was made to divide the 22
DEPS wheeled vebicles inmboe two growps with an egual puuber of each
vehicle type in each growp. One growp was located im the Shot 4 area,
and the other growp was located in ‘the Shet 2 zrea. The M5 and TOT7
were reloezted in the Shot 4 =zres. Both grouwps of whe-led wehicles
were placed in a region of bhigher expected pressure tban that received
from Shot 1, and corresponfiing vehicles were placed at the same ex-
pected dynamie pressure level on Shots 2 and 4. This was done to
show the effect of duration of the blast wave on demage. Shot 4 was a
bilgh-yield shot, hawving a much-longer duratien of shock wawe thar Shot
2. The exposwre of Items is tebulated im Teble 2.2, =2nd the field lay-
oult is presenmbed im Fig. =2.2.

After Shot 2, it was decided that the remsiming webicles from this
test would give good data only on one afditionsll shot. Conseguenily,
they were moved to the Bhot 12 mxea.

2.3 FIELD LAYOUT, SHOT &

Shot &4 was a2 high-yield device detonated ztop a 500-foot tower.
There was no plan for the exposure of Project 3.1 jeeps on this shot.
Of particular interest on this whot was the effect on damgge of longer
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" HO"”‘O~@ O-O e T,
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r 4 2121_1 ® |2l g 227 ®
2
— { Z2ZH0FT
L'*n(m") A ioT /
- —— \(}'/‘u
1y 1 A« 27
F) ' ra ;
KEY 225° AZIMUTH
162~ WTENDED SROUND ZERD 2Y2T B TRUCK  CARSD, 2V¥2 TONW,
f =y ACTUAL GROUND ZERD & &, W35 (FED)
74 TLOT) TRUCK , e TON (OLD TYPE) 2 V2T & TRUCY, CAPSD, 2Y2 TON.
W52 ARMORED WFANTRY VEHICLE & x5, W35 1S5MC)
W53 g T TRUCY., UTILITY, Y TOW
TST  ISSwW GUN. SELF-PROPELIER, 4 x4, WBBAL
T97 (>  L=FT sIDE OF VEMICLE
5T TRUCK, DUmiP, S TON, 6 x €, TOWARD SROUND ZERO
ms|

FISHT SIDE OF VEHICLE
TOWLRD GROUND ZERO

VEHICLE FACING GROUND
ZERO

Fig. 2.1 - ¥ield Tayout, Shot 1
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¥KEY: 80 side on: PO front on

TALBIE 2.1 - SHOT 1 PIELD LAYOUT

Corrected ] Presgsure
Digfarice Lrom Py Pg
Ground Zero (£t} Orientation (psi) (pst)
1/4-TON TRUCKS, OLD TYPE
320 S0 3.8 1.8
@o S0 20.5 2.6
hg» O 19.5 2.7
Ly 7O 18.7 3.0
55 7O 16.5 3.6
OHly 80 i5.0 k.2
1280 50 10.0 2.5
1350 70 9.8 2.5
1760 70 6.0 1.0
1780 S0 5.9 1.0
APMORYD INFANTEY VZAICIZ (M59)
848 FO 1k.0 x.7
155 m GUR, SP PG7
87z 70 1%.0 .7
TRUCK, DMP, 5 TO%, 6 x 6, M51
330 8] 1.1 4.8
515 s0 1.0 .7
55 50 12.8 .0
31100 8] 12.1 3.6
TRUCK, CARGO, 2 £ TON, 6 x 6, M35 (R=0)
1155 S0 11.5 3.3
3140 50 11.% 3.2
1380 S0 1.1 3.1
1k40 S0 8.4 1.8
1580 30 8.1 1.7
ikg5 S0 7/9 1.6
TRUCK, CARGO, 2 £ TOW, 6 x 6, M135 (GXC)
1260 S0 10.2 2.6
1290 80 9.9 2.5
1320 S0 9.6 2.3
1510 S0 7.8 1.6
1530 S0 7.6 1.5
1345 S0 7.5 1.5
TRUCK, UTILITY, + TON, 4 x &, M3841
110 S0 8.7 1.9
120 S0 8.6 1.9
1%30 S0 8.5 1.9
1980 S0 kg 0.6
1995 S0 4.8 0.6
2005 50 4.8 0.6
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KEY

5T TRUCK, DUMP, 5 TON,

(D)~ LEFT SIDE OF VEHICLE
6x6, M3l TOWARD GROUND ZERO
2{T R TRUCK, CARGO, 2Y2 TON,

6 x6 M35 (REO) =) RIGHT SIDE OF VEMICLE
21T G TRUCK, CARGO, 2'/2 TON, 62z TOWARD GROUND ZERO

6x6, MI35 (GMC)
I/4T TRUCK, UTILITY, i/4 TON,
M38AI 940 FT

"T' 5T /
L O 1050 FT
\& _—/
] : 1200 FT.
23T G
\ 2 1 TR le TR é /
O>4+0—
‘ 23TR 1T 1350 FT
\ 'Qz ZIIT G Z*IfT G r _—
I 1 1S00 FT
180° AZIMUTH
Fig. 2.2 - Field Layout, Shot 2
TABLE 2.2 - SHOT 2 FIELD LAYOUT
KEY: SO side on: FO front on
Pressure
Distance froa Pg P
Ground Zero (ft) Orientation (psi) (psi)
TRUCK, DUMP, 5 TON, 6 x 6, M51
S&0 S0 15.8 2k.8
1050 80 13.9 11.2
TRICK, CARGO, 2 4 TON, 6 x 6, M35 (REO)
1200 S0 13.5 4.8
1200 S0 13.5 .8
1350 S0 n.5 3.7
TRUCK, CARGO, 2 4 TON, 6 x 6, Mi35 (GMC)
1200 SO 13.5 k.8
1350 SO 1.5 3.7
13%0 S0 11.5 3.7
TRUCK, UTILITY, 1 TON, d x &, M38A1 .
1350 S0 11.5 3.7
1500 S0 10.9 3.2
1500 SO 10.9 3.2
22
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positive-phase duration shock wave compared to the positive-phase
duration on Shot 2.

Eleven of the D&PS wheeled vehicles were displayed on Shot Ik, but
after Shot 2 some of their positions were changed. On Shot 2 the re-
sults indicated that the 5-ton dump trucks were vulnerable to the
pressure levels to which they were subjected. Hence, they were moved
farther back in position. The resulting display had all the wheeled
venicles in two rows, with the exception of one of the l/h-ton trucks
(which was back into the same row with the tanks). This field layout
is shown in Fig. 2.3 and tabulated in Table 2.3.

Tne T97 and M59 were moved to a higher pressure region, since they
had been exposed in pres.:ure regions on Shot 1, wnerein damage was light.
Tae M8 tanks which had not been previously exposed were back in a low-
pressure region. Only two of the three tanks were exposed for reasons
described in Sec. 2.5.

After Shot b, it was found that a2t best only severel of the
wheeled vehicles could be used again to give worthwhile data. They were
moved to the Shot 12 area. The two M48 tanks, the TI7, and the M59
were moved to the Shot 8 area to continue the Sests on the armored
vehicles.

2.4 FIELD LAYOUT, SHOT 5

Shoi 5 was a low-yield device on a 300-foot tower. There was no
exposure of Project 3.1 jeeps on this shot. Field layout is sbown in
Fig. 2.4 and tabulated in Teble 2.k,

One of the goals of the D&PS exposures was to obtain radiation-
attenuation date of tank armor. Since Shot % was delayed from its
original firing date, one of the M8 tanks was removed from that dis-
play and placed on Snot 5. This gave radiation data for low-yield
weapons and &lso provided blast damage data for the short-duration
blast waves resulting from low-yield blasts. After Shot 5, the tank
was moved to the Shot 8 earea.

2.5 FIELD LAYOUT, SHOT &

Shot & was a medium-yield device detonated from a 500-foot tower.
There were no D&PS vehicles exposed on this shot.

Shot & was chosen by Project 3.1 as an additional shot on which to
exemine certein aspects of blast-weve phenomena. On one side of the
tower was a large asphalt ares and on tbe other side a desert area. Old-
type jeeps were placed from 1,800 to 2,550 feet on both the desert and
asphalt surfaces. It was expected that on both surfaces s precursor

would be developed. However, on the desert line it would be expected
that the precursor wave would be dust laden, whereas on the asphalt
line the precursor would be essentielly free of extraneous particles.

In addition, on this shot, several pieces of Marine Corps eguip-
ment were exposed on the desert surface. A field layout of jeeps on
Snot 6 is presented in Figs. 2.5 and 2.6. The tabulation is shown in
Table 2.5.
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TABLE 2.3 - SHOT 4 FIELD LAYOUT

KEY: FO front-on; SO side-on

Preggure
Distance from Ps Py
Ground Zero (ft) Orientation (psi) (psi)
ARMORED INFANTRY VEHICLE (M59)
23%0 FO 11.6 34.3
155 =m GUN, SP T97
2350 FO 11.6 34.3
TRUCK, CARGO, 2 & TON, 6 x 6, M135 (GMC)
3000 S0 9.2 6.9
3000 SO 3.2 6.9
3380 S0 7.9 L.1
TRUCK, CARGO, 2 3 TON, 6 x 6, M35 (REO)
3000 S0 9.2 6.9
3380 50 7.9 4.1
3380 S0 7.9 k.1
TRUCK, DUMP, 5 TON, 6 x 6, M51
3000 S0 9.2 6.9
3380 ) 7.9 L.1
TRUCK, UTILITY, + TON, & x 4, M38a1
3380 SO 7.9 k.1
3380 s0 1.9 h.1
3700 SO 6.9 3.1
TANK, Mi8, 90 mm GUN
3700 FO 6.9 3.1
3700 SO 6.9 3.1
TABLE 2.k - SHOT 5 FIELD LAYOUT
KEY: FO front-on
Pressure
Distance from Ps Py
Ground Zero (ft) Orientation (psi) (psi)
TANK, M4, 90 mm GUN
13%0 FO 11.5 9.6
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KEY

M59  ARMORED INFANTRY VEHICLE (M59)

T97 I55MM GUN, SELF- PROPELLED
(T97)

5T TRUCK, DUMP, 5 TON, 6x6, MSI

23T R TRUCK, CARGO, 22 TON, 6 x 6,
M35 (REO)

21T 6 TRUCK, CARGO, 272 TON, 6 x 6,
MI35 (GMC)

1T TRUCK, UTILITY, V/4TON, 4 x4,

4 M3BAI

M48  TANK, M48, 90MM GUN

LEFT SIDE OF VEHICLE TOWARD
GROUND ZERO

RIGHT SIDE OF VEHICLE TOWARD
GROUND ZERO

VEHICLE FACING GROUND ZERO

/ 2350 FT.
s T97
3000 FT.
L
- 2itr | 2416 2276 __ 3380FT
Oe — L0
21iTR 0\@.___.@_/6' ST
2 24TR ) . 2irs
\2 ;T TT 2 3700FT
oL o—0
T M48 Ma8
Y
190° AZIMUTH

Fig. 2.3 - Field layout, Shot &
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T97

M59
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M48
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N

2040 FT

M59 /
T97 @

2650 FT

M48 /

51 O
%T*O / 2960 FT.
o T o—

205° AZIMUTH
KEY

I55MM GUN, SELF- PROPELLED,
T97

ARMORED INFANTRY VEMICLE, M59
TANK, M48, 90MM GUN, PLACED
RIGHT SIDE TOWARD GROUND ZERO,
FACING GROUND ZERO, 8 FACING
135° FROM GROUND ZERO

TRUCK, UTILITY, ¥ TON, 4x 4,
DESERT ROCK VEHICLE

Ya %

2850 FT

3250 FT.

3700 FT

4500 FT.

TRUCK, ¥4 TON, 4x 4, M37,
DESERT ROCK VEHICLE

2Y¥2%* TRUCK, CARGO, 272 TON, DESERT

L
ry

O
O
Q
O

ROCK VEHICLE

T(oT) TRUCK, Y4 TON, (OLD TYPE)

VEHICLE FACING GROUND ZERO
RIGHT SIDE OF VEHICLES TOWARD
GROUND ZERO

REAR OFfF VEHICLE TOWARD
GROUND ZERO

LEFT SIDE OF VEHICLE TOWARD
GROUND ZERO

Fig. 2.7 - Field layout, Shot 8
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2.6 FIELD LAYOUT, SHOT 8

Shot 8 was a medium-~yield shot detonated from a 500-foot tower.
There was no original plan for the exposure of Project 3.1 jeeps on
this shot, but there were two factors which influenced the placement of
jeeps on Shot 8. First, most of the 10 jeeps originally exposed on
Shot 1 received only light damage and were available for further gather-
ing of data. Second, the excessive damage which was done to vehicles
by Shot 4 was somewhat higher than desired. Consequently, six of the
jeeps from Shot 1 were placed on Shot 8, which was expected to have a
relatively long-duration shock wave.

The five D&PS armored vehicles were also displayed on Shot 8. For
the T97 and the M59, it was the third exposure, and they were placed
in & higher pressure region than before. The three M48 tanks were ex-
posed for the second time and were placed at a lower pressure level
than the T97 and M59. Orientation of these armored vehicles was
varied from shot to shot to determine the effect of orientation of
armored vehicles on blast damege. After Shot 8, the armored vehicles
were moved to the Shot 12 area.

Four of the Desert Rock vehicles located near the D&PS test items
were utilized for additional damage data. These vehicles and the D&PS
items are shown in the field layout, Fig. 2.7, and are tabulated in
Table 2.6.

2.7 FIELD LAYOUT, SHOT 9

Shot 9 was a repeat of Shot 1, an air drop of a low-yleld device
with an expected burst altitude of 800 feet. Although there was no
original plan to participate in this event, it was felt desirable to
gain further blast-damsge informetion near ground zero on an air burst.
Project 3.1 had lightly dameged jeeps available from Shot 6, and seven
of these jeeps were moved toc the Shot 9 area. Three of the jeeps were
placed in the vicinity of intended ground zero in order to increase the
probability of having a vehicle near the actual ground zero. The other
four jeeps were placed along a blast line from 350 to 1,000 feet from
ground zero in order to compare the damage with that at ground zero.

There were no D&PS vehicles exposed on Shot 9. The field layout
for this sbot is shown in Fig. 2.8 and tabulated in Table 2.7.

2.8 TFIELD LAYOUT, SHOT 12

The shot of principal interest in Project 3.1 was Shot 12, detona-
ted from a 400-foot tower. 1In the Shot 12 area, three different sur-
faces were prepared: asphalt, water, and desert. Blast lines were

established down the centerline of each surface. It was expected that
a different type of blast wave would be found over each surface. The
formation of a precursor wave was anticipated over both the desert and
asphalt surface, being dust laden on the desert line and essentially
free of extraneous particles on the asphalt line. A classical blast
wave was expected to develop over the water surface.

Thirty Project 3.1 jeeps were displayed on Shot 12. Some of them
had sustained light damage in previous shots. Ten were displayed on

2¢
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TABLE 2.6 - SHOT 8 FIELD LAYOUT

KEY: 350, side on: FO front on; RO rear on

Pressure
- Distance from s a
Ground Zero (ft) Orientation (psi) (psi)
ARMORED INFANTRY VEHICLE (MS9)
2040 ’ SO 12.5 4.8
155 mm GUN, SP T97
20540 S0 12.5 4.8
TANK, Mi8, 90 mm, GUN
2650 *x 8.9 2.2
2650 FO 8.9 2.2
2650 S0 8.9 2.2
TRUCK, UTILITY, & TON, 4 x 4 =
2850 SO 8.1 1.7
4500 RO ki 0.5
TRUCK, 3/4 TON, b4 x 4, M37 %%
2850 S0 8.1 1.7
TRUCK, i TON, (OLD TYPE)
2960 FO 8.3 1.5
2960 50 8.3 1.5
3250 FO 6.5 1.1
3250 ) 6.5 1.1
3700 FO 5.0 0.8
3700 SO 5.0 0.8
TRUCK, CARGO, 2 % TON #%*
4500 S0 L.b 0.5
¥ Facing 135° from ground zero %% Desert Rock vehicle
TABLE 2,7 - SHOT 9 FIELD LAYOUT
KEY: GZ ground zero: SO side-on; FO front-on -
Pressure
Distance from Ps Pd
Ground Zero (ft) Orientation (psi) {psi)
TRUCK, 1 TON (OLD TYPE)
112 GZ 78.0 -
236 S0 59.0 -
380 [10) 7.0 31.3
467 S0 4.0 29.0
773 . S0 21.h 19.0
782 FO 21.4 19.0
1022 S0 13.0 11.0
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TABLE 2.9 - SHOT 12 FIELD LAYOUT

KEY: FO front-on; SO side-on

P Pressure

Distance from S da
Ground Zero (ft) Orientation (psi) (psi)
TRUCK, 1/4% TON (OID TYPE)
ASPHALT LINE
2000 FO 21.5 16.1
2000 S0 21.5 16,1
2250 FO 10.5 10.6
2250 S0 10.5 10.6
2500 FO 8.0 .k
2500 S0 8.0 8.4
2750 FO 5.6 6.1
2750 S0 5.6 6.4
3000 FO 5.3 1.7
3000 50 5.3 1.7
WATER LINE
2000 FO 25.7 35.2
2000 S0 25,7 35.2
2250 FO 12.0 28.0
2250 S0 12.0 28.0
2500 FO 12.5 10.5
2500 S0 12.5 10.5
2750 FO 17,5 bha
2750 80 3.5 L33
3000 7o 9.9 2.6
3000 S0 9.9 2.6
DESERT LINE - MAIN BLAST LINE
2000 FO 9.8 ko.0
2000 S0 9.8 L0.0
2250 FO 5.2 23.0
2250 50 £.0 23.0
2500 FO 7.0 11.3
2500 S0 7.0 1.5
2750 FO 7.2 7.7
2750 S0 T3 7.7
3000 FO 7.0 1.1
2000 80 7.0 1.1
DESERT LINE - DESERT ROCK SECTOR
TANK, M48, 90 mm GUN
2000 FO 15.0 32.0
2000 N 15.0 32.0
2000 SOwx 15.0 32.0
ARMORED INFANTRY VEHICLE, M59
2000 RO 15.0 32.0
155 mm GUN, SP T97
2000 RO 15.0 32.0
32
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TAPLE 2.8 - SHOT 12 FIELD LAYOUT (Continued)

KEY: FO front-on; SO side-on ; RO rear-on

Pressure
Distance from Ps . Pa
Ground Zero {ft) Orientation (psi) (psi)
DESERT LINE - DESERT ROCK SECTOR (Continued)
TRUCK, UTILITY, & TON, b x 4, M38A1
2000 SO 15.0 32.0
2000 s0° 15.0 32.0
2250 S0 12.5 16.0
2500 o) 10.5 11.5
2750 50 9.0 7.3
TRUCK, + TON (OLD TYPE)
2000 ,( SO 15.0 32.0
2000 ) side by 15.0 32.0
2000 L Side 15.0 32.0
TRUCK, CARGO, 2 4 TON, 6 x 6, ML35 (GMC)
2250 S0 12.5 16.0
2500 S0 10.5 11.5
2500 S0 10.5 11.5
3000 50 7.9 1.9
TRUCK, CARGO, 2 % TON, 6 x 6, M35 (REO)
2500 S0 10.5 11.5
2500 S0 10.5 11.5
2750 S0 9.0 7.3
2750 S0 9.0 7.3
TRUCK, 2 £ TON, 6 x 6, ML35 (GMC) e
2750 S0 9.0 7.3
TRUCK, 3/ TON, 4 x k, M37 #ax
2500 S0 10.5 11.5
TRUCK, DUMP, 5 TON, 6 x 6, M51
3000 S0 7.9 1.9
TRUCK, UTILITY, + TON, 4 x &4 wx
2000 so! 15.0 32.0

¢ Degert Rock vehicle
e Facing 45° to right

of ground zero

' Sandbags on both sides

'' Behind embankment

#% Hull SO, turret facing to rear.
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the asphalt, water, and desert blast lines from 2,000 to 3,000 feet
from ground zero.

Five D&P3 ermored vehicles and 14 D&PS wheeled vehicles were ex-
posed on Snot 12. TFour Desert Rock venhicles were also exposed in this
area. In addition, one jeep was placed venhind a bunker of sand to see
wnat effect thie would have in reducing blast damage. One other jeep
was placed side-on with sand bags banked with dirt on either side for
tne same reason.

The field layout for Snot 12 is shown in Figs. 2.9 - 2.12 and
tabulated in Tavle 2.8.

2.9 FIELD LAYOUT, SHOT 13

Shot 13 was a high-yield shot from a 400-foot tower. The shot
conditions were expected to be similar to those of Shot Y4, wherein the
wineeled vehicles suffered severe damage at most locations. It was felt
desirable to again expose wheeled vehicles to this size weapon to
betier determine the division hetween light and severe damage. Five %
ton trucks that were still in good condition were placed between 2,000
and 3,000 feet from ground zerc. In addition, a Marine Corps truck and
two Desert Fock 3/1+-ton trucks were located in this display and evalua-
ted oy BRL personnel.

The three MUB tanks, waich had only received light damage in
previous shots, were exposed on Snot 13 in a region of expected higher
dynamic pressure., Tne T97, although violently overturned on Shnot 12,
was still structurally sound and was exposed at the same ground range
as the tnree M43 fanks., Desert Rock placed two M24 tanks in the display
at 1,700 and 3,000 feet from ground zero. The damamge to these tanks
wvas also evaluated. Tabulation of the exposures is given in Table
2.9, and the field layout is shown in Fig. 2.13.
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TARLE 2.9 ~ SHOT 13 FIELD LAYOUT

KEY: FO front-on: S0 side-on: 1 turret facing to rear: 2 tank facing
459 to right of ground zero; 3 turret facing ground zero.

SECRET

Distance Orien- Pressure
Jtem from GZ tation P, Pa
(£t) (psi) (psi) |
Tenk, M2k, Desert Pock 1700 FOr 15.0 30.0
Tank, M8, 90 mm Gun 2050 2 11.5 25.5
2
Tank, M48, 90 mm Gun 2050 s0” 11.5 25.5
Tank, M8, 90 mm Gun 2050 FO 11.5 25.5
155 mm Gun, SP T97 2050 FO 11.5 25.5
Truck,Cergo,2/3Ton,Merine Corps 3000 ¥O 9.5 1.0
Truck,Utility,~ Ton (old type) 3000 S0 9.5 11.0
Truck,Utility,+ Ton {old type) 3000 FO 9.5 11.0
Truck, 3/kTon. b x 4,M37, 3000 S0 9.5  11.3
Desert Rock Vehicle
Tank, M2+, Desert Rock 3000 FO 9.5 11.3
Truck, Utility,+ Ton {old type) 3300 SO 8.6 7.5
Truck, Utility,% Ton (old type) 3700 SO 6.8 2.2
Truck, 3/4Ton, & x &, M37, 3700 S0 6.8 2.2
Desert Rock Vehicle
Truck, Utility, & Ton,(0ld type) L4OOO 50 6.1 --
36
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e i
Mas, 4t

2250 FT

2500 FT

2750 FT

3000 FT.

230°' AZIMUTH

KEY

| i
M48, TANK, M48, 90MM GUN, 27 TRUCK, UTILITY, T TON, 4 x4, M3BA|
o
FACING 45°RIGHT OF T's THREE 5 TON TANKS, SIDE BY SIDE

1
GROUND ZERO 4 |
M4gp TANK, M48, 90MM GUN, L1y TRUCK UTILITY, £TON, 4 x4, M38AI

SIDE ON SIDE ON, SAND BAGS BOTH SIDES
M48 . TANK, M48, 90 MM GUN, 257 R TRUCK, CARGO, 23 TON, 6 x6, M35 (REO)
FACING GROUND ZERO 257 6 TRUCK, CARGO, 2% TON, 6 x6, MI35 (GMC)

TS7 155 MM GUN, SELF- 2l7x 23 TON TRUCK, 6 x6, MI35 (GMC)

PROPELLED, T97 2" NESERT ROCK VEHICLE
M59 ARMORED INFANTRY —
2 7
eHLE W89 3 % TRUCK, 3/4 TON, 4 x4, M37, DESERT ROCK
sT TRUCK, DUMP, 5 TON, 6 x 6, M5I

|
lyx TRUCK, UTILITY, ¥ TON
4 4 x4, PLACED SIDE ON
BEHIND BUNKER

() VEHICLE FACING GROUND ZERO
) RIGHT SIDE OF VEHICLE TOWARD GROUND ZERO
(O REAR OF VEHICLE TOWARD GROUND ZERO

LEFT SIDE OF VEHICLE FACING GROUND ZERO

Fig. 2.12 - Field Layout, Shot 12 - Desert Line, Desert Rock Sector
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1700 FT.
M24

2050 FT

3000 FT M48,, KZ} K:%

3300 FT.

3700 FT.

4000 FT.

185° AZIMUTH

KEY
M24, TANK, M24, DESERT ROCK, FACING
GROUND ZERO, TURRET TO REAR
TANK, M24, DESERT ROCK, FACING
GROUND ZERO
TANK, M48, 90MM GUN, FACING
45° RIGHT OF GROUND ZERO
TANK, M48, SOMM GUN, LEFT SIDE
TOWARD GROUND ZERO, TURRET TO GZ
TANK, M48, 90 MM GUN, FACING
GROUND ZERO
155 MM GUN, SELF-PROPELLED T97

M24,
M48,
M48p
M48

T97

/4T
MC

3/47

O
0
O

TRUCK, 1/4 TON (OLD TYPE)
TRUCK, 2-3 TON, MARINE
CORPS VEHICLE

TRUCK, 3/4 TON, 4 x 4. M37
DESERT ROCK VEHICLE

VEHICLE FACING GROUND ZERO
RIGHT SIDE OF VEHICLE TOWARD
GROUND ZERO

LEFT SIDE OF VEHICLE TOWARD
GROUND ZERO

Fig. 2.13 - Field Layout, Shot 13
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Chapter 3
RESULTS

Exposure of transport and combat vehicles was accomplished on 2
total of nine shots. The damage received by the exposed equipment was
eveluated, and the displacements from reference stakes were measured.
These measurements were used to determine the center-of-gravity dis-
placements listed in this report. Overpressure versus time and dynamic
pressure versus time were determined through the use of self-recording
gages placed at vehicle stations. Where no gages were located at a
vehicle station or when the gages failed to function, pressure values
vere derived from pressure-distance curves based on the pressure data
obtained on the shot. The pressure instrumentation and results are
discussed in detail in another report {Reference 11).

The results of jeep exposures on two blast lines over different
surfaces (asphalt and desert) were obtained for a small-yield weapon
(Shot 12, 23 KT). The jeep exposures on other shots were under nor-
mal desert surface conditions.

The results of the study of shielding from nuclear radiation pro-
vided by the armored vehicles are contained in Appendix C. No diffi-
culty occurred in recovering the film packets shortly after each shot.

3.1 SHOT 1

The extent of damage to all ordnance equipment exposed in Shot 1
was light. All pieces of equipment were in condition such that they
were immediately combat usable. Maximum damage to vehicles was to the
sheet-metal components. Only two of the total number of items exposed
were turned over on their sides. The e.uipment was located in a static
pressure zone ranging from 5 to 24 psi. Because of the miss distance
of the intended ground zero, none of the vehicles were located directly
below the detonation point. The damage results long with the pressure
and displacement measurements are presented in Table A.l.

3.2 SHOT 2

As & result of Shot 2, most of the vehicles were turned over on
their side or upside down. The static-pressure zone to which the items
were subjected ranged from approximately 11 to 16 psi. Within the
region of exposure, damage to trucks varied from light to severe. Severe
damsge was inflicted to the two 5-tom trucks. 1In Shot 1, the 5-ton
trucks were exposed at a static pressure level of 14.0 psi and 2 com-
puted dynamic pressure of 4.7 psi. In Shot 2, the 5-ton trucks were
exposed at a static pressure of 15.8 psi and a dynamic pressure of 24.8
psi. The trucks sustained light damage on Shot 1, whereas on Shot 2
they were completely dismembered. A precursor was positively evident
on Shot 2: however, on Shot 1 it is not certain that a precursor formed,
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since only peak pressures were obtained. Results of Shot 2 are tabu-
lated in Table A.2.

The roll-over safety bars, placed on the 2—% ton and% ton trucks,
proved to be effective in preventing extensive damage to the bodies,
cabs, and controls of the vehicles.

3.3 SHOT 4

Of the 11 trucks exposed in Shot 4, nine were severely damaged and
two were moderately damasged. The 5-ton trucks on Shot 4 were located
in pressure zones expected to be less than those on the two previous
shots, Shot 1 and 2. These vehicles were severely damaged within
measured static-pressure values of 8.5 psi and 7.9 psi. The dynamic
pressures at the same locations were 4.1 psi and 6.9 psi, respectively.
The records of the pressure-time curves obtained indicate that a precur-
sor formed.

The two M4B tanks sustained light damage. Glass surfaces facing
ground zero were sand-blasted. The M59 sustained moderate damsge, and
the T97 gun sustained light damage. The M59 rejuired repairs to the
hull and internally mounted components for restoration to combat use.
The T97 was turned over and, when uprighted, the vehicle was operable
after replenishing the spilled battery acid and oil.

Displacement measurements, dammege evaluation, and the pressure
measurements are included in Table A.3.

3.4 SHOT 5

The tank exposed in Shot 5 sustained light damage: this consisted
of the sights and vision devices facing ground zero being obscured by
sand-blasting. Damege evaluation, along with the pressure measurements,

"is presented in Table A.kL.

3.5 SHOT 6

The results of damage to the jeeps displayed on Shot 6 are tabu-
lated in Tsble A.5. The damage results of the Marine Corps exposure
are also included in Table A.5. A comparison of the damage and dis-
placements of the Project 3.1 jeeps exposed on Shot 6 on each surface
is shown in Table 3.1.

Althougn the displacements on the asphalt line were appraimately
40 to 50 percent of the displacements on the desert line, there were
no apparent differences in damage between the two lines. The compari-
son of displacements was made for the side-on orientation only.
Maximum demage sustained on the asphalt line or desert line was moderat .
From the pressure-time records obtained, the precursor shock extended
farther on the asphalt line than on the desert line.

3.6 SHOT 8
In Shot 8 the yield realized was lower than expected. Consequently,

the damage to items exposed was light. The results of Shot 8 are pre-
sented in Table A.6.
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3.7 SHOT 9

Although all vehicles exposed in Shot 9 sustained severe damage,
the vehicles nearest to actual ground zero received less blast damage
than those at greater distances. The vehicles near ground zero re-
mained intact, while the vehicles at 780 and 1,000 feet were dismembered.

Because of the high level of thermal radiation near ground zero,

TABLE 3.1 - RESPONSE RESULTS, SHOT 6

KEY: SO side-on: FO front-on

Ground Pressure
Range Orientation P P Damage Displacement
(£t) S d (£t)
(psi) (psi)
Desert Line
1800 S0 12,2 6.1 Moderate 108.0
1800 FO - 12,2 6.1 Moderate 66.0
2000 sO 11l.2 5.5 Moderate 37.3
2000 FO 11.2 5.5 Light 17.9
2300 S0 9.4 3.0 Light 4.9
2300 FO a.h 3.0 Lizht 6.6
2550 SO 7.4 2.2 Light 11.8
2550 FO JLk 2.2 Light 8.5
Asphalt Line
1800 SO 6.2 5.7 Moderate 66.0
1800 FO 6.2 5.7 Moderate 4.0
2000 S0 6.5 5.5 Light 18.8
2000 FO 6.6 5.5 Moderate 5.3
2300 50 8.0 2.8 Light 11.9
2300 FO 8.0 2.8 Light 3.5
2550 0] 9.3 2.0 Light 5.5
2550 FO 9.3 2.0 Light 1.6

considerable thermal damage was experienced by two of the vehicles.
Damage evaluation of the items exposed on Shot 9 are presented in Table
A.T. .

3.8 sgHOT 12

A comparison of the damage and displacements of the Project 3.1
Jeeps exposed on Shot 12 on each surface is shown in Table 3.2, The
pressure measurements are also included. In general, damage and dis-
placement on the desert line were greatest, and on the asphalt line
they were least. Except for the high thermal damage on the asphalt line,
eight of the vehicles remained intact, although on the desert line
seven were completely dismembered. On the water line, four of the
vehicles were dismembered. The high thermal damage resulted apparently
from the asphalt surface being ignited and the sustained fire spreading
to the vehicles.

Of the D&PS vehicles located in the Desert Rock sector, many were
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TABLE 3.2 - RESPONSE RESULTS, SHOT 12

KEY: SO side-on; FO front-on

Ground Pressure
Range Orientation _P; Pd Damage Displacement
(£1) (psi) (psi) (£t)
Degert Line
2000 SO - 9.8 .0 Severe 650.0
2000 FO 9.8 40.0 | Severe 575.0
2250 50 5.9 20.0 Severe 780.0
2250 FO 5.9 20.0 Severe Dismembered
2500 ) 7.0 11.3 Severe 165.0
2500 FO 7.0 11.3 Severe 186.0
2750 S0 7.3 7.7 Severe 264.0
2750 FO 7.3 7.7 Moderate 9k.0
3000 S0 7.9 1.1 Moderate L4.0
3000 FO 7.9 1.1 Light 5.7
Water Line
2000 SO 25.7 35.0 Severe 370.0
2000 FO 25.7 35.0 Severe 360.0
2250 SO 12.0 28.3 Severe 337.0
2250 FO 12.0 28.3 Severe 300.0
2500 S0 12.9 10.0 Severe 576.0
2500 FO 12.9 10.0 Severe 290.0
2750 S0 13.0 k.0 Moderate 255.0
2750 FO 13.0 4.0 Light 28.8
3000 S0 10.0 2.6 Light 38.5
3000 FO 10.0 2.6 Light 10.8
Asphalt Line
2000 S0 21.3 16.1 Severe 223.0
2000 FO 21.3 16.1 Severe 234.0
2250 SO 10.5 10.2 Severe 193.0
2250 FO 10.5 10.2 Severe 136.0
2500 S0 8.0 8.5 Severe 75.0
2500 FO 8.0 8.5 Severe 64.0
2750 S0 5.8 6.4 Moderate 146.0
2750 FO 5.8 6.4 Moderate 13.3
3000 50 5.8 1.7 Light 3.3
3000 FO 5.8 1.7 Light 1.8
Desert Rock Sector
2000 S0 15.0%% 32.0%% | Severe 265.0
2250 SO 12.0%% 16.0%% | Severe 177.0
2500 SO 10.5 11.5%% | gevere 71.0
2750 S0 9. 0% 7.3%% | Moderate 38.8

#¢ Estimated; average of Desert Line and Asphalt Line
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severely damaged. The jeep which had sandbags placed on each side was
severely damaged, and the jeep placed behind the sand bunker sustained
little damage. Both the T97 and the M59 were overturned and required
field maintenance for restoration to combat use. Little damage was
inflicted to tne M4 tanks, located at the same distance. The damage
evaluations are given in Table A.8.

3.9 SHOT 13 .
Wheel vehicle damage varied from light to severe on Shot 13. The
ground on which the vehicles were placed was unusually soft and sandy,
compared to other shot locations. This helped minimize the damage when
the vehicles were overturned and displaced along the ground.
The armored vehicles received the most-severe damage of the
operation. The two M8 tanks originally presenting a side surface to
the blast were overturned, whereas the Mi8 facing ground zero remained
upright and sustained lighter damage. The T97 facing ground zero was
displaced rearward, but did not overturn and was not severely damaged.
The spade on the T97 was initially up and fell just before the vehicle
stopped moving rearward in the blast wave. If it had been down initially,
the T97 probably would have been overturned and severely damaged. The
two Desert Rock M2k tanks provided useful damage information. The
tank at 1,700 feet was severely damaged. The gun and turret were
separated from the hull and displaced several hundred feet. The M2k
at 3,000 feet sustained only light damage.
Damage to the tanks and wheel vehicles is further described in
Table A.9.
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Chapter 4
DISCUSSION

The exposure of ﬁ}ansport and combat vehicles under Project 3.1
and the D&PS program yielded considerable data describing the response
of the equipment to varied yields and surface conditions. Because of
pressure levels required to produce significant damage to the equip-
ment, most of the exposures were made at ground ranges which placed the
equipment in the precursor zone. A wealth of data were obtained for
the 1/b-ton truck, in particular, within this zone.

A1l of the transport vehicles exposed in this series of shots were
similar in their susceptibility to damage. The larger weight of the
5-ton dump truck apparently was compensated for, damagewise, by the
larger size and the different attachment of the cargo body. The combat
vehicles differed in the degree of their response according to size and
weight. The M59 was displaced farther than the T97 at the same ground
range, although the two usually received the same degree of damsge. The
MU8 tanks, of course, were more resistant to movement and damage. On
Shot 12 -- where the M48 tanks, M59, and T97 were exposed at 2000 feet
~-- the maximum displacement was about 13 feet for the tanks, 1Ll feet
for the M59, and 48 feet for the T97. Both the M59 and the T97 were
overturned, while all tanks were upright. The tanks experienced light
damage, the M59 and T97 moderate.

The orientation and freedom of movement of the vehicles were ob-
served to affect the resulting damage considerably. On Shot 4 the T97
exposed front-on with brakes on was overturned and received moderate
damage. On Shot 12, exposed alongside the tanks in rear-on orientation,
with brakes on, the T97 was overturned and experienced moderate damage,
while the tanks received light damage. On Shot 15, the T97 again ex-
posed alongside the tanks in front-on orientation with brakes off and
transmission disengaged, was merely displaced rearward, receiving light
damage. Two of the tanks at the same ground range were displaced con-
siderable distance and suffered moderate damage.

The M59 exposed on Shot b alongside the T97 in front-on orientation
with brakes off was displaced rearward with no overturning, but it
received moderate dmmage nevertheless. An extreme example of freedom
of movement was exhibited by l/h-ton truck No. 9 exposed side-on at
2,750 feet on the water line of Shot 12. This jeep skidded from side-on

to roughly front-on orientation and traveled 255 feet without over-
turning. It suffered moderate damage only because it struck another
jeep at the end of its travel.

The results imply that vehicles that may be under attack should
be left free to move, provided collision with surrounding objects (and
assuming level ground) will not present a greater hazard.

Significant fire damage usually was accompanied by overshadowing
blast effects. On Shot 9, wires, instruments, seats, and body metal
were affected. On Shot 12 on the asphalt surface, severe damage was
induced apparently by burning asphalt.
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4.1 RESPONSE OF 1/4-TON TRUCKS ON DESERT, ASPHALT, AND WATER SURFACES
IN THE PRLCURSOR ZONE

.

Shown in Figures 4.1 and 4.2 are plots of the damage sustained by
vehicles on a dynamic pressure versus distance curve for Shots 6 and
12. Where the degree of damage differed for orientation,(face-on and
side-on) at each location it is so noted on the curves by use of sub-
scripts S0 and FO. Two surfaces, desert and asphalt, provided a com-
parison of damage on Shot 6 while on Shot 12, three surfaces, desert,
asphalt and water, provided a comparison of damage. On both surfaces
of Shot 6 damage to the jeeps was about the same. However, the jeeps
were not located well within the precursor zone and no comparison over
the total range of damage was obtained. On Shot 12, the degree of
damage was not too greatly different over the three surfaces. Examina-
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Tig. 4.1 Plot of Damage to l/h-Ton Trucks on a Dynamic
Pressure-Distance Curve, Shot 6

tion of the curves indicates a dynamic pressure of about 9 psi is
required to cause severe damage to jeeps. Also, on the desert line at
the 3000 foot station, the moderate damage to the side-on vehicle along
with the large displacement noted implies that this wvalue of dynamic
pressure possibly is too low.

Plots of displacement versus ground range (which has been scaled
using the following relation) are shown in Figures 4.3 and k.k.

d =

o
el =

45
SECRET



{14) JONVY ANNOY¥O

21 30UYS ‘oAIn) 20uBgSTI-0INGSOI] OTWBUAJ B UO SIONIJ UOJ /1 03 a3wwe Jo 30T Z°V °I1g

{14) 3ONVH ONNOYO

(14) 3ONvYd GNNOYO

14 4 000l 9 4 2 000l 14 2 000!
T T T ) Y T T } T 1 = |
oS nw Oun_
o
r4 2 2
| 4 e
X
v 14 14
OoSw 034
B | . .
L | : -
| : / ] R 1
s 9 o] 0ol S ol
l - S 4
2 2 2
S
S
3NITT H3lvm s 3NIT 143830 .+ 3NIT 1VHdASY
—’ S S S

(1Sd) 3¥NSS3¥d JINVNAC

46
SECRET



e o

1000 - I ' ! ! ! ;
DESERT LINE ~ 12 ‘
. ' WATER LINE=- 2 .
g T )
PaRE
&\
100 |— — . e
|
L DESERT ROCK -~ -
SECTOR- 12
‘ |
B =
i g
.- DESERT LINE-6 |
L
10 — {
N ,
= -
\ . |
L \ ASPHALT LINE - 8§ \ ;
t [ N\ 'J
\ i ;
\ ' : |
‘~S" ASPHALT LINE-12
- \ -
\ I
\ H '
L )
i
i
- -
! i
! l ] £ ]
* 30 600 700 800 900 1000 1100 1200
GROUND RANGE (FT.)
Fiz, 4.3 Comparison of Decert, Asphalt ond wWates-line
Displocenents and Doamage for Jide-0n Crienta-
tion on Shotc 5 and 12 (IKT ot Gea Zov-l)

47

SECRET




1000

- — l e ,
-
B s
~
S LINE-1{2
\
o S -
ASPHALT
LINE-12
100 JRE
. — -
[
u
- .
z DESERT LINE-6
=
W
(&)
4
=
a
2 -
[«]
{0 4 - L
\ L
3 \ \\/ 7
\
\ L
- \ _
\ L\
\ - ASPHALT LINE -6
\ ~
— \ -~ L -
\
\ \
\
\
\
[ \ . _
\L
\L
| . 1 |
500 600 700 800 900 1000 1100

GROUND RANGE (FT.}

Fig. t.b Comparison of Desert, Asphalt and Water-Line
Displacements and Damege for Front-On Oriente-

tion on Shots 6 and 12 (1KT at Sea Level)

48

SECRET

1200



Dealloy Tactor Lo reduce pround ranpe Tor a piven
P daagpe or displacemnent to 1 KT 2t gea level,

where: 73

i = Tield (yT)

The values are given in Tables 4.2 and 4.2,

The gealing Lactor i sesweed to rsduce the data o a common basic
for eonparicon. The selection of thic facter for scaling damage and dis-
placoment is dipengoed im Section 4.3. The yields and eczling fazctors for
shote of intercst are piven in Table 4.1,

SJ arnd Bd are the standard scaling factors for reducing pressure
1
1

and digtence to 1 ¥ at ces level.

5 = 1&.7/?9

b
an ey 17, \1/7
5y =(B/1k.7) /’(i/w) /2
1
vhere: W = Yield (¥KT)

Ambient preszsure st burst height (psi)

as}
It

A variation in response occurred on the different surfaces for
Shot 12. Greatest displacement occurred on the desert line, vhile on
the agphalt line less displacement and breaking of the jeeps vas ex-
perienced. On the Desert Rock Bzctor line, halfway between the desert
line and the asphalt line, the displacement and final conditions of the
jeeps were similar to the asphalt-line results (discounting the effects
of fire). The desert surface in the Desert Rock Sector appeared to be
essentially the same as that on the desert line. The difference in
response for these two desert lines on the same ghot indicates some
difference in the character of the blast wave. This is also indicated
by the different wave shapes recorded on the 2,500 foot circle of
pressure gages (Reference 11).

The response on the desert surface of Shot 6 is also higher than
that on the asphalt surface. The curve for the desert line on Shot £
apparently matches the desert line curve for Shot 12. Shot & asphalt
line results are higher for both orientations than the asphalt and
Desert Rock Sector lines of Shot 12.

The displacements on the water line of Shot 12 are closer to the
results on the desert line than those on the asphalt and Desert Rock
Sector lines. Distortion of the wave forms was certainly less on the
water line than on the desert lines, but whether the blast wave was
clean and larger displacements correspond to those of an ideal wave, or
whether the blast wave was water-laden to the extent that larger dis-
placements occurred, is questionable.

The greatest variation in response occurs on the same shot on the
same type of surface; i.e., Shot 12, desert and Desert Rock Sector
lines. This may indicate that the effects of surface variation on the
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looh, wore wy e csmoll owith respect Yo obher onknovn foctors. The
Llast, sove may e cemsitive Yo ourTace cooditiom: immedistely in ihe
vininity of Lhe Lower snd Ao conptruction in Yhe chock path, such az
oo Degert, Pocr {ield caplocomwmnts and Lreonches on Shot 12,

The ground rengcs Tor ohoorved yelues of dicpioconent  and damags

ucre sealed wsing By. b1 for all TEAMOT shots ond shoto of previous
operations for whiclh sty woere syailsple.,  The results are given in

TABLE 4,1 SHOP PARAMETERS AND SCALING FACTOHS

Shot Yield HOB A-Eceled P ] Sa1 54,
¥T T4, HOB (1) o P e
1 1.16 761 7 46 1.197  0.596%  0.942L
2 2.9 200 215 71 1.16%  0,7112  0.705%9
L 47,0 50 135 &5l 1.186  0.2606  0,2222
5 3,61 300 186 Z72.% 1,161 0,620% 0,595
5 7.76 0 2l 871.0  1.16% 04075 o.aboy
3 14,2 500 195 Z5l,1 0 1,156 00,3900 0,540
9 %.1% 129 s, shy 1,197 0.6425  0.6310
1z 22.0 hoo 1757 Bgs.1 1.1%2  0.5425  0.2904
1z 2.5 00 155 £55.%  1.18h  0.305h 0,269
U¥-2 2h.5 00 95.0 £60 1.175  0.%264  0.2782
UY.5-1J 2%.0 200 100 g5z 1.18%9  0.%%320  0.285%
ur-7 47,0 300 1.0 &60 1.17%  0.2706  0.2222
Ur-5% 27.0 00 95.0 ol 1,172 0.3163  0.2676
U¥-10 1k.9 524 2ok el 1.4 0.3585 0,3402
7-6 114 300 126 7. 1.281  o.hzobk  0.3776
J-5 1.05 0.0 0.0 £71.5 1.162 0.9%%0 0.8228
J-U 1.05 ~17.0 -17.0 g12 1.162  0.9%0 0.8228

Tatles 4.2 and 4.3, Ihwbers only ldentify TEAPOT shots, UK indicates
UFEHOT-YIOTHOLE, T dencotec TUMBLER, and J denotes JANGLE.

Dale for shots of less than 400 feet scaled height of burst (HOE
are shown in Figures 4.5 and L.6. A definite band is produced for ea
oriszntation. Marimum scaitter occurs for the two desert lLines on Shot

The mismatch of the curves for Shot & and Shot 12 in Figures 4.3

and k.4 znd the position of poinmts in Figures 4.5 and 4.6 may change if

the scaling factor of Bg. 4.1 is inaccurate. No definite decision is
indicated, for in Figure 4.7 the placement of points on all the shots
falls within the scatter for the two desert surfaces on Shot 12.

L.2 CORRELATION OF DISPLACEMENT AND DAMAGE WITH BLAST PARAMETERS

Dynamic pressure gages or pressure-time gages were placed at
almost all vehicle stations during Operation TEAPOT. The dynamic-
pressure-time curves have been integrated, and values of the peak dy-
namic impulse were available, as well as the peak dynamic pressures.
An investigation of the correlation of peak dynamic pressure and peak
dynamic impulse with displacement and damage was attempted. The data
are given in Table L.L, P, denotes peak dynamic pressure and I

R d
denotes peak dynamic lmpulse.

The correlation coefficients and the correspondong 95-percent-
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TABLE 4.2 RESPONSE DATA FOR L/4 TON TRUCK
IN SIDE-ON ORIENTATION

Yield
KT

7.76

k.2

22.0

Seealed
HOB
ft.

652

21>

2o

195

k75

Ground
Range
£t.

1280
1750
1960
1995
2005
1410
1420
14%0

640

520

410

1500
1500
1550

5700
3500
3380
2000

DL-1£00
2000
2300
2550

AL-1800
2000
2300
2550

2960
3250
3700
2850

112
236
L67
380
773
1022

DL-2000
2250
2500
2750
3000

AL-2000
2250
2500
2750
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Shot

13

UK-T

UK-5

UK-10,

TABLE 4.2 RESPONSE DATA FOR L/ TON TRUCK

IN SIDE-ON ORIENTATION

A Sealed
Yield HOB

KT .

26.5 155

43,0 &1

23.0 100

k.9 204

1.05 -17

Ground
Range
ft.
2000
WL-2000
2250
2500
2750
3000
DRS-2000
2250
2500
2750

L4ooo
5700
3300
2000

4500

1740
075

1130
1600
1920
2hls
2770
k380
1500
1500
6000
7500

600
1650

2700
5100

300
600
1200
1900
2Loo
3000

300
600
900
1200
1900
2700
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(wont'd)
Cround Displace~-
Range ment
LK1, £t

BT1 5.5
5. 370
655 257
726 516
799 255
871 36,5
581 265
65% 177
726 71.0
799 55.8
1046 21.5
969 26.9
&6l 2.9
7586 143.0
1000 -
Lgs 300
&17 Tolo)
384 Dem
5kl Dem
653 312
&22 72.0
b2 17.7
1490 0.5
51 600
510 200
2041 0
2552 0
227 k5o
623 150
1020 -
1927 -
247 200
Lok 10.0
987
1563
1975
2468
247
Lol
Thl
987 0.5
1563
2022

Damage
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TABLE 4.4 - Parameters Used in Correlstion Test for
t/h-ton Pruck in Side-on Oricontation
Ground P I q
Shot Item Range 4 (pei- Displacement Damage
No. (£t) (psi) msec) (£t)
2 € 1350 2.7 275 0.4 L
1 1500 3.2 250 6.1 L
2 1500 3.2 250 6.2 L
4 D.R. 3000 6.9 1695 295 5
5 %380 b1 950 209 5
L %380 b 950 138 S
? %700 7.1 610 96 M
6 D.I. 35 1800 5.7 583 108 M
26 2000 4.5 Lho 7.5 M
L3 2300 2.8 217 ik.9 L
Lo 2550 2.0 301 11.8 L
6 A.L. Lo 1800 5.9 1091 &6 M
18 2000 3.8 57k 18.8 i
37 2300 - 2.0 166 11.9 L
28 2550 1.0 285 5.5 L
& D.R. 2850 1.7 235 9.0 L
32 2960 1.5 215 12.9 L
N 3250 1.1 95 10.1 i
27 3700 0.6 by 0.8 L
9 45 380 31.3 6L 68 s
b7 773 19.0 1009 1ok S
12 D.L. 23 2000 40.0 8738 650 S
31 2250 23.0 5506 780 s
15 2500 11.3 2811 165 s
12 2750 7.7 1745 26k S
17 3000 1.1 17k by M
12 A.L. i) 2000 16.1 2890 223 S
28 2250 10.6 1131 195 S
50 2500 8.4 1457 75 s
ko 2750 6.4 8ok k6 M
8 3000 1.7 274 3.3 L
12w, Ll 26 2000 35,2 k156 370 s
32 2250 28.0 3548 357 s
b 2500 10.5 1800 516 S
) 2750 b1 965 255 M
6 3000 2.6 469 38.5 L
i) 33 3000 11.0 1530 143 ]
35 3300 7.5 1100 32.9 M
11 3700 2.2 725 26.9 L
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confidence limits were completed for (P., displacement) (I., displace-
ment), and (Pd’ Id)' The coefficients and limits are as follows:

(Pd’ displacement), R

0.68, o.k6 ¢ r s 0.82

1 1
(Id, displacement ), R, = O 86, 0.75 S T, S 0.93
= < <
(Pd’ Id) R5 = 0.8%, 0.70 Iy 0.91
vhere: R., 59 and R, are the correlation coefficients for the sample
data and r 10 T and r gre the correlation coefficients of the parent
populatlon ﬁe confédence limits indicate the possible range of the

correlation coefficient for a large number of data points.

These values indicate a high degree of linear association between
the paired variables. The correlation coefficient R, is the largest,
although the confidence limits are so broad that theFe is no conclusive
distinction between the correlation of dynamic pressure with displace-
ment and the correlation of dynamic impulse and displacement.

A standard Chi-square test was performed between the variables
(P Damage), (I Damage) and (Displacement, Demage). The hypothesis

subject to test was that a relation (not necessarily llnear) existed
between the paired variables. The computed values of X were as
follows:

(P, Demage) - 1§ = 57.b

1

2
(I, Damage) - Yo = 45.7

(Displacement, Damage) - X = L3.5

The value of I (with 39 degrees of freedom) at the 5-percent-
confidence level is 54.6 at the 30 percent confidence level is 43.1.
Thus, the probability of an association between dynamic pressure and
damage is larger than 0.95, and the probability of an association be-
tween dynamic impulse and damage, and displacement and damage is between
0.7 and 0.8. Of course the existence of a relation between the varia-
bles was expected. The significance of the test is that a more definite
association exists between dynamic pressure and damage than the other
variables tested. The indication is that dynamic impulse correlates
with displacement to a higher degree than dynamic pressure, while
dynamic pressure has a stronger relation to damage than dynamic impulse
or displacement. The size of the data sample and the range of the
confidence limits prevent positive conclusions.

4.3 VARIATION OF DAMAGE GROUND RANGE WITH YTIELD

An objective of Project 3.1 was to investigate the effect of the
positive phase duration on the damage produced by a shock of given
peak overpressure and peak dynemic pressure. For the ideal blast wave,
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TABIE 4.5 - Comparison of Damage

from Shot 1

with Predicied Dazmage

Scaled Pd Degree® Predicied [Predicted

Item Distance . of Degree* of |Degres¥of

(1 x®-sL) (vsi) Damage Danzge Damage

‘ (TM 23-200)} (WE-733)
1/k-ton Truck (old type) 280 | 1.8 I s 1.
1/%-ton Truck (old tyve) 359 | 2.6 1 s ¥
1/k-ton Truck (old tyve) 376 | 2.7 i s M
1/k-ton Truck (old type) o2 | 3.0 L s M
1/4-ton Truck (old type) 481 | 2.6 1 S S
1/b-ton Truck (old type) 560 | k.2 L 5 s
Arm. Inf. Vehicle M59 The F b7 L L 1,
155 SP T97 763 | L.T L 1 L
5 Ton Dump M51 770 | L. i S M
5 Ton Dump M51 800 | k.7 1, s 14
5 Ton Dump M51 18 | k.0 L M 3t
5 Ton Dump M51 962 | 3.6 L M M
2-1/2 Ton Cargo (REO) 1006 | 3.3 L L M
2-1/2 Ton Cargo (REO) 1015 | 3.2 L L M
2-1/2 Ton Cargo {REO) 1032 | 3.1 L L M
2-1/2 Ton Cargo (GMC) 1102 | 2.8 i i M
1/% Ton Truck {old type) 1120 | 2.5 | i L M
2-1/2 Ton Cargo (GMC) 1128 | 2.5 || L L M
1/k-ton Truck (old type) 1137 ] 2.5 | L L M
2-1/2 Ton Cargo {GMC) 155 | 2.3 | 1 L M
1/k Ton Utility (M3B8AL) 1235 | 1.9 | I L L
1/ Ton Utility (M38A1) w2k [ 1,0 | L L L
1/h Ton Ubility (M38AL) 1251 | 1.0 i L L
2-1/2 Ton Cargo (REO) 1260 | 1.8 L L L
2-1/2 Ton Cargo (REO) 1295 | 1.7 L L L
2-1/2 Ton Cargo (REO) 1308 | 1.6 L L L
2-1/2 Ton Cargo (GMC) 1321 | 1.6 L L L
2-1/2 Ton Cargo (GMC) 1338 | 1.5 L L L
2-1/2 Ton Cargo (GMC) 1351 | 1.5 L L L
1/4-ton Truck (old type) 1539 | 0.96 L L L
1/k-ton Truck (old type) 1557 | 0.95 L L L
1/b-ton Truck (M38A1) 1732 | 0.6 L L L
1/k-ton Truck (M38A1) 1745 | 0.6 L L L
1/b-ton Truck (M38A1) 175k | 0.6 L L I

* T, light; M, moderate; 8, severe.
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normalized wave shape would remain the same, aznd the positive phase
duration would increase az the cube root of the yield. During Operation
TEAPOT, most of the damage data was obtained in the precursor zone,
where peak pressures, vwave shapes, and durations varied in no clear
pattern. Thus, & more-direct approach was required. The ultimate ob-
jective of such an investigation is a description of the variation of
the damage radi’l as yield is changed.

Using actual ground range for each degree of desmage observed on
the various shotz, Figures L.7 and 4.8 were prepared. The data are
given in Tables 4.2 and 4.3. Most of the data plotted are for scaled
heights of burst less than 40O feet, since above this value ground
ranges for blast parameters change rapidly. Shots 1 and 9 are shown
in © figures; however, little data are aveilable for low-yield shots.

In each Tigure lines were dravm by eye providing the best division
beiween severe and moderate zones of damage. The solid line in both
gures revresents the slopes of the line when the height of burst
ct on blast wave parameters is not considered. Above a scaled
s burst of approximaiely S00 feet and surface bursts the pre-
phenomena increasing the flow characteristics behind the blast
s minimized. Furthermore, above a scaled height of approximately
t the drag forces tending to cause translational motion associa-
ted with severe or moderate demage to vehicles are not realized. This
is apparent in the case of Shot 1, Operation Teapot where maximum
damage sustained was light. The slopes of the solid lines for side-on
and face-on orientations of the vehicles was found to be about 0.49.
However, the drawing of these lines was governed mainly on the effects
obtained in the Jangle shots whereby the data is limited.

Considering the height of burst effect on blast wave parameters
the dashed curves were drawn which have slopes of about 0.L0 for both
side-on and face-on orientations. The controlling data points for
drawving the line were for scaled burst heights between 80 feet and 500
feet. The value of 0.% obtained agrees with that given in TM 23-200
(Reference 7).

L. L COMPARISON OF DAMAGE WITH RESULTS OF PREDICTION TECHNIQUES

The damage results of the nine shots in which equipment was exposed
oy Project 2.1 or D&PS are tabulated for comparison with predicted
demage in Tables 4.5 through 4.15. The scaled distances were obtained
using the relation given in Eq 4.1 and are compared with the predicted
ground range for each specific degree of damage given by the damege chart

for vehicles in ™ 23-200 (Reference 7).

The exponent O.4 is used, since there is a part of the prediction
technigue described in T 23-200 (Reference 7). The scaled distances
obtained for each specific damage are compared with predicted ground
range given by the damege chert for vehicles in T 23-200 (Reference
7 -

Except for Shots 1 and 6, the agreement between actual damage and
predicted damage is good. In Shot 1 the disagreement between actual
and predicted damage is within the regular reflection region. In this
region, damage effects are due primarily to shock loading; the curves
are not well established, because of lack of experimental data. On
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TABLE 4.6 - Comparison of Damage {rTom |

Shet 2

2 With Predicted Damapr

Scaled Pd Depree* | Predicted |Predicted

Item Distance (psi) of Depree* of |Depgree of

(1 ¥r-sL) |\P* Damage Damapge Damage

‘ (TM 2%-200) |(WP-737)

5-ton Dump M51 629 24.8 S S 3
5-ton Dump M51 703 11.2 s S =
2-1/2 ton Cargo (REO) 803 L.8 M M-S M
2-1/2 ton Cargo (REQ) 803 4.8 L M~S M
2-1/2 ton Cargo (GMC) 803 1.8 M M-S M
2-1/2 ton Cargo (GMC) 90k 3.7 L M M
2-1/2 ton Cargo (aMC) 90k 3.7 L M M
2-1/2 ton Cargo (REO) 904 3.7 L M M
1/% ton Utility (M38AL) 90k 5.7 L M 8
1/4 ton Utility (M38Al) 100k 3.2 L L M
1/% ton Utility (M3BA1) 100k 3.2 L L M

|

# T, light;

M, moderate;

S, severe;

MS, moderate-severe.

TABLE 4.7 - Comparison of Damage from Shot 4 With Predicted Damage

Scaled Pd Degree* Predicted Predicted

Item Distance|(ps1) of Degree* of | Degree¥of

(1 KT-5L) Damage Damage Damage

(™M 23-220)| (WP-733)
Arm. Inf. Vehicle M59 hoe 3.3 M M M
155 8. P. T97 h96 3.3 1 M M M
2-1/2 ton Carge (GMC) 633 6.9 s s M-S
2-1/2 ton Cargo (GMC) 633 6.9 s s M-S
2-1/2 ton Cargo (REO) 633 6.9 s s M-S
5 ton Dump M51 | 633 6.9 S S M-S
5 ton Dump MM51 715 b1 S S M
2-1/2 ton Cargo (@MC) 713 b M S M
2-1/2 ton Cargo (REO) 715 b1 s S M
2-1/2 ton Cargo (REO) L3 b1 s S M
1/h ton Utility (M38A1) 713 L1 S S s
1/4% ton Utility (M38A1) 713 hi| M-S ] S
1/ ton Utility (M38A1) 781 3.0 M M-S M
Tank 90 mm Gun ML8 781 3.1 L L L
Tank 90 mm Gun MA8 781 3.1 L L L

* L, light;

M, ,moderate;

S, severe;

M-S, moderate-severe.

TABLE 4.8 COMPARISON OF DAMAGE FROM SHOT 5 WITH FREDICTED DAMAGE

[ []
[ [}
& B
(V] Q
A a
—~ G4y LelN' N ®) g O %
$3 13 (0% [28§ | 28R
Item o 85 & 0w o%n ogm
28817 g8 | 248 | g4Y
S 0 o0 ] - Q)E
BAC |0 (& | kBE | £82
Tank 90 mm Gun MU 771 9.6 L L L
*I, - Light
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YIELD OF WEAPON (KT)
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Fig. 4.7 Damage Ground Range and Damage Versus Yield
of Weapon for 1/L-Ton Truck in Side-On
Orientation for all NTS Shots (Sea Level)
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YIELD OF WEAPON (KT)
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Shot 6, the damage for the values of dynamic pressure measured vas
small. However, these peak values of dynemic pressure correspond to
short dvuration spikes on the pressure-time record and, although
apparently real, account for the higher values of demage predicted
using the measured peak pressuvres.

L.5 DAMAGE EFFECT OF SHOCK LOADING

The effect of predominantly shock loading in the regular reflec-
tion region is indicated by the results obtained from Shots 1 and 9.
Close to ground zero, vhere the horizontal component of dynamic pres-

TABLE 4.9 COMPARISON OF DAMAGE FROM SHOT 6 WITH PRK)ICTED DAMAGE

o |3 1% 3y S| 1% X

O - 7] * 4 ] 3 i)

o o9 n = U QO 0 U 0N 0O 0N

Item 331 = ﬂ"" E{wtom ggth

qjmg Q’J% Ogga ngg
Q L] ) Etv Ed)

0 [~ [a¥} AR A A~ A AN~

Asphalt Line
[ /l-ton Utility (old type) 793 5.9 M S S
0 /b-ton Utility " " 793 5.9 M s 5
0 /k-ton Utility " " 881 3.8 L M L
n/bk-ton Utility " " 881 3.8 M M L
1/k-ton Utility * " 101k 2.0 L L M
&/h-ton Utitity " " 101k 2.0 L L M
J4-ton Utility " " 112k 1.0 L L L
[1/4-ton Utility " " 112k 1.0 L L L
Desert Line

JE-ton Utility (old type) 195 5.7 M S S
n/4-ton Utility " " 793 5,7 M S S
1/4-ton Utility " " 881 k3 M M S
1 /4-ton Utility " 881 4.3 L M s
1 /h-ton Utility " " 101k 2,8 L L M
1/4k-ton Utility " " 101k 2.8 L L M
N /4-ton Utility " " 112L 2.0 L L L
1/b-ton Utility " " 112k 2.0 L L L

*L, - Light; M - Moderate; S - Severe

sure was small (as shown by the small displacements), the entire jeep
evidenced a crushing action. A 1/L-ton truck on Shot 9 (Vehicle No. 4
remained upright but received severe damage. The fuel tank was crushegd,
body bent, floor bent, radiator top tank crushed and core punciured,
carburetor sir inlet horn crushed, lights, wiring and instruments blown
out. Another truck (Vehicle No. 42) also indicated the crushing and
bending of shock loading to an extent that severe damage occurred. The
thermal radiation burned all wires, scorched seats, instruments, and
body metal, but the damage inflicted by blast was severe independent

of the thermal action. Measured peak pressure values at ground level
were TS psi and 59 psi for these vehicles, respectively.
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TABLE b.10 COMPARICON OF DAMAGL FROM SHOT O WIIH PREDICTING DAMAGE

]
13} ) )]
< I 1) 1 t9
3 ga. | 2
-g — G4 ’f-j (Fﬁl 8 w3 g #
Item Ao~ - o [ [T
3=d w0 % 42 G | 4D Gt 10y
L)} o] ) ARSI o B QO
[T ~ [ ] o~y (] ol I~
5 B B BB B8
220 P |88 |aaE | &8
I
AWrm Inf. Vehicle M59 652 4 & L L L
155m 3P T97 652 L& L i L
Eamk G0mm M4& te4 2.2 L L 1,
Mank 9Omm 1L a7 2.2 L L L
Tank 90mm M4O sl z.2 L L L
1/h-ton Utility** 911 | 1.7 | L M L
53/b-ton Carpo M37 911 i.7 M M L
1/b-ton Utility (old type) ob7 1.5 L L I
1/b-ton Utility * " ol 1.5 | L L L
1/b-ton Utility " 10%9 L. L i L
1/k-ton Utility " " 1039 1.0 | L L
1/k-ton Utility " " 1163 0.8 L T L
1/k-ton Utility * " 11863 0.8 | L L L
1 /lb—ton Utility " " ## lhsg 0.5 L . L
2-1/2-ton Cergo GMC#% 1439 0.5 | L L L
*%* Desgert Rock Vehicle
# L - Light; M - Moderate

TABLE 4,11 COMPARISON OF DAMAGE FROM SHOT & WITH PREDICTING DANMAGE

g o o)
g by $ 2
B RES 25
A9 1%, |3°8 | 3°%
Ttem ) 0 * Dt 0 D et
5 0 = o o O OO O O M\
Q ~— [ =] -~ A - it
% E B T2z T 8
22| o® |88 |&BE | &ns
1/k-ton Utility (0ld tyoe) | 71 - s 5 5
1/b-ton Usility " " 1kg - s 5 s
1/b-ton Utility “ 2o | 31.3 S s 5
1/k-ton Utility " " 295 | 29.0 5 5 ]
1/k-ton Utility " " L85 1 10.0 s 5 S
1/k-ton Utilizy " ¢ L85 [ 19.0 s s ]
1/b-ton Utility " " 645 | 11.0 s s s
% § - Severe
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A different type of exposure to ghock loading wue experienced by
the L/l-(on true) behind the esrth mound op Jhot 12. The jeep wac
apparently almost completely shielded from drsg forces and, hence, wao
subiected mainly to the diffracted shoek and the ctstic pressure field
Estimated {ree-stream overpressure was 15 psi. No damage occurred.

The results of these ghots indieste that an incident shock of
about, 25 npl overpressure in the regular reflection region is reguired
to produce signilicant damage to jeeps Lrom shock loading only. In
the Mach region, vhere the jeep iso shielded from flow, the value io

TABLE 4.12 - Cumpsrison of Damsge from Shoi 12
with Predlicted Damage

Degree* | Predicted |Predicted
Ttenm pBegagle | Ta ot Degree* of |Degree*of
(1 ¥1-51) (psi) Dzmage Damage Damuge
(7 27-200)| (W2-127)
Asphzalt Line
1/b-ton Utility (old type) 58i| 16.1 s s 3
1/h-ton Utility 81| 16.1 > 5 8
Jfh-ton Utility " 0" €53 10.6 s S 5
1/b-ton Btility * " €75 10.6 s 8 5
1/b-ton Utility " " 726 8.1 5 s 5
Lfh-ton Utility " 0" 726 8.4 o) S 8
1M-ton Udility " ¢ 799 6.4 M s s
JJB-ton Utility 0" 799 6.4 M 5 s
1/h-ton Utility * 7 871 1.7 L M i
1/b-ton Utility " 7 g71 1.7 L M i
Water Line
1/5-ton UTility (old type) 581 | 35.2, 5 S )
1/4-ton Uti ity * " 581 ] 35,2 8 S s
1/h-ton Utility " " 65% 1 28.0 S s s
1/h-ton Utility " " 6531 28.¢ s s s
1/b-ton Utility M 0" 726 | 105 5 8 S
- 1/b-ton Utility " ¢ 726 | 105 S s s
1/4-ton Utility " 799 4.1 M s s
1/k-ton Utility Mt " 199 4.1 i s S
1/b-ton Utility ' " 871 2.€ I ¥ M
1/k-ton Utilizy ™ " g1l 2. L M M
Desert Line
1/4-ton Ubility(old type) 58.| 0.0 s s 5
1/h-ton Utility " " 581 | %0.0 s <] s
1/bk-ton Utility " " 6551 23,0 s S s
i/b-ton Utilizy " " 653 23.0 S S S
1/h-ton Utility " " 726} 11.3 s s s
1/h-ton Utility " " 7261 11.3 s s s
1/k-ton Ubility " " 799 T.7 s s S
1/%-ton Utility " " 799 7.7 M s s
1/4-ton Utility " " 871 1.1 M M L
1/b-ton Utility " " 871 1.1 L M L

* §, - light; M - moderate; S - severe.
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PAPLE 4.12 - Comparison of Damage from Shot 12 with
Predicted Damage (Cont'd)

Sealed v Degree* | Predicted |Predicted
tom Distance i of Degree* of [Depgree* of
(1 %r-5L) (pei) | Damage Damage Dumage
T (T 25-200) [(WT-72%)
Desert Rock Bector
Tank 90 ma Gun MLS 581 %2 L M M
Tank 90 mm Gun MLE 591 32 L M M
Tank 90 mwe Gun MLE 581 %2 L M M
Arm.Inf.Vehicle M59 58 2 M M M
Gun 155 8P T97 S61 7 M M M
1/b-ton Utillty M38A1 581 %2 ] S 8
1/b-ton Utility M38A1 581 72 8 s 5
1/b-%on ULil. (o2d type) 581 72 3 s S
1/b-ton Util. (0id type) 581 | %2 5 S S
1/4-ton i1, (0.4 type) 58 %2 S 5 ]
1/hton ULl (o*d type) 551 32 S S s
1/b-<on Uti ity M3Z0A1 €5% [16.0 S S S
2-1/2 ton Cargs GMC 6;3 16.0 s s S
2-1/2 %on Cargo GMC 726 |11.5 s ] S
2-./2 ton Cargo GMC 726 |11.5 S s S
2-1/2 ton Cargo REO 726 |11.5 5 5 s
2-1/2 ion Cargo REO 726 |11.5 h S S
%Z/k ton Cargo M37 726 |21.5 M 5 s .,
1/k-ton Utility MEEA1 726 |:i.5 s s S
1/k-ton Utility M38A1 799 7.3 M s ]
2.1/2 ton Cargo GMC 799 7.3 s S s
2-1/2 ton Cargo REO 799 7.3 ] ] ]
2-1/2 ton Cargo REO 799 7.3 M S s
5 fon Dump M51 271 1.9 S M L
2-1/2 ton Cargo GMC 871 1.9 M M i

* 1, - light; M -~ moderate; § - severe.

probably higher: but since no damage occurred on the exposuvre of this
tyne on Shot 12, no data are available to indicate how much higher the
value will be, On Shot 9 siznificant damage occurred for an incident
shock of about 25 psi and peek static overvressure field of 78 psi. It
is reasonable to expect the pressure required to damage a shielded jeep
in the ¥ach region to be within these bounds.

L,6 SHIEIDING FROM MASS FLOW OF BILAST WAVE

Several conditions of exposure were prepared for l/2-ton trucks

at the 2,000~foot ground range on Shot 12 (Desert Rock Sector). One

1/b-ton truck was exposed side-on with no constraints, one was placed
behind a T-foot-high earth mound (see Figs. D.23, D.2k, and D.20, D.28)
three were placed side by side, as close together as 90551ble, in the
side-on orientation, and one was exposed side-on with sandbags piled
the height of the vehicle on the side toward the blast and the side
away from the blast. In addition, earth was piled against the sandbags
on each side of the vehicle.
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TABLE 4.1% - Comparison of Damage from Shot 1%

with Predicted Damage

Scaled P Degree* Predicted Predicted
tem Distance a of Degree* »f |Degree¥ of
e (1 KP-SL) |(ps-) | Demege Damage Damage
(TM 23-200) | (WT-733)

[Fani, M2k, Desert Ruck k2 |30.0 M 8 M
Tank, MG, 90 mm Gun kg7 |25.5 M M M
Tars, 148, 20 mn Gun 57 ie5.5 | M M M
F‘ank, M8, 90 mm Gun Mol 25,5 1-M M M
Esa SP T97 ho7 i25.5 L M M

2 - 3 {on Truck,Cargo 786 111.6 M S S

Marine Corps

D /4-ton g1, (old type) T8E 1.0 M S S
1/h-ton Uiz, (o1d type) 776 |11.0 s s s
5/k-ton Truck, M7 786 1i1l.0 M S S
Desert Rock Vehicle

Tank, M2Lk, Desert Rock 786 l11.0 L s M
1/b-ton Gtii. (old type) 86k 7.5 M M S
1/b-ton Utiz. (old type) 969 2.2 L M M
%/b-ton Truck, M3T 96¢ 2,2 M M M
esert Rock Vehicle i

1/L-ton Util. (old type) 1048 - L L -

I

¥ I, ~ light; M - moderate; S - severe; L-M - Light-moderate.
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The object of the varlety of exposures was to evaluste the effec-
tiveness of each exposure condition in reducing damage. Severe damage
to an unprotected jeep was expected. The results were as follows (see
Table A.8): the unprotected jeep (No. %) suffered severe damage, and
vas displaced 265 ft., the jeep behind the earth mound suffered light
damage and was displaced less than one foot, the jeep emplaced with
sandbags and carth was damaged severely but wes displaced only 7 feet.
The three jeeps side by side were damaged severely and displaced an
average of 180 feet.

Significant protection was provided by the earth mound; damage was
negligible, vhile damage to the unprotected jeep was severe. Placing
the Jeeps side by side was not effective in reducing damege. The dis-
placement of the jeep emplaced in sandbags was reduced to that usually
associated with lisht damage, although the vehicle was damaged severe-
ly. The reduction in displacement, however, suggests that the emplace-
ment may reduce damage on smaller-yield shots at the same pressure
level,

4,7 EXPERIMENTAL DESIGN DATA AND RADIATION SHIEIDING STUDY

The roll-over safety bar placed on transport vehicles reduced
damage to cabs and vehicle controls., The development of various stages
of damage was followed for the combat vehicles. For further discussion
of the D&PS program and the shielding study, refer to Appendixes B
and C.
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Chapter 5
CONCLUSIONS and RECOMMENDATIONS

5.1 CONCLUSIONS

The conclusions derived from the exposure of drag-type equlpment
targets in Operation TEAPOT are as follows:

1. The damege to the L/M-ton trucks on the desert line and
water line of Shot 12 was not too greatly different. On the asphalt
line, if the fire effects are discounted, the blast damage was less
than either the desert or water line. Also, the displacements of the
vehicles vere greater on desert line than the water or asphalt line,
particularly at distances closer to ground zero. At farther distances
from ground zero, displacements on the desert and water line were nearly
equivalent, but greater than on the asphalt line. This would indicate
that the drag forces were greater on the desert and water line than on
the asphalt line. The greater drag forces can partly be attributed to
the blast wave being dust or water laden.

In view of the fact that on Shot 12 the displacements of
the jeeps varied at two different sites on the desert surface, (regular
desert line sector and Desert Rock Sector) corroborates further the
measurements of asymmetries (Reference 11) in the shock wave on Shot 12.

2. TProm the statistical analysis, a definite relation exists
between peak dynamic impulse and displacement and peak dynamic pressures
and damage for the L/h—ton track in side-on orientation. Peak dynamic
pressure seems more closely related to damage to l/h-ton trucks side-on
than the peak dynamic impulse.

3. The damage curves presented in WD-733 (Reference 1) and
T 23-200 (Reference T7) will predict damage to a fair degree of accura-
cy. When the height of burst effect on blast wave parameters is
considered in causing damage then the scaling factor for damage radii
as the yield varies is wo.h. This scaling factor considers the

effect of positive duration on damage.

b, Results indicate that an incident shock of about 25 psi
overpressure in the regular reflection region is reguired to produce
significant damage to jeeps from shock loading only.

5. Protection against extensive damage to drag largets can
be achieved by placing the targets behind a barricade of sufficlent
strength which, in itself, can withstand high drag forces.

©. The placement of a roll-over safety bar on wheeled
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vehicles will serve to minimize damage to the cab and the vehicle con-
trols. For further conclusions regarding experimental design data,
reference is made to Appendix B of this report and reports by D&PS
(Reference 8, 9).

7. At distances where tanks will withstand high drag forces,
the personnel within will receive a lethal dose of nuclear radiation.
The lethal radii from radiation will extend farther than blast damage
radii. The average attenuation factors for gamma radiation of the Tank,
M8, T97, and the M59 are 0.1, 0.6 and 0.7, respectively.

5.2 RECOMMENDATIONS

Exposure of Jjeeps as response gages should only be done on future
atomic tests which present unusual environmental conditions or on those
shots for which data is expected to be significantly different than that
previous.y obtained. 1In this sense jeeps are used to represent a large
class of simiiar drag-sensitive targets such as military field equip-
ment., )

The shielding studies of armor have been made only of gamma radia-
tion. An additional hazard for personnel from certain type weapons is
the neutron-flux radiation. In fulure tests, provisions should be made
to obtain the neutron-flux measurements, as well as gamme radiation
within the tanks.
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Appendix A
TABLES of DAMAGE
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TABLE A.1 - DAMACE EVALUATION, SHOT 1

KEY: T0 front-on: SO side-on; F field maintenance; O organizational maintenance: N none.

Item Position,

Distance P

to GZ,ft (Ps1)

)

Move- Manhr,
ment, repair
£t req'd.

Degree of Damage and Description

25 S0 410
26 FO 460
27 PO 430

28 50 320
29 TFO 5%

30 80 6ho
31 FO 1300

32 s0 1280
33 FO 1760

34 S0 1780

2 80 1995

3 - 80 2005

4 S0 1410

5 S0 1420

6 S0 1k30

7 801150

8 s0 1160

9 80 1180

20,

18.

19.

23.
16.

15.
9.
10,

5

7

5

8
5

0
8

[¢]

6.0

5.

L,

b,

L.

8.

8.

8.

11.

11.

1i.

9

9

8

8

7

6

5

2.6

3.0

2.5

2.5
0.96

0.95

TRUCKS,
0.6

0.6

0.6

1.9

1.9

1.9

1/4-TON TRUCKS, OLD TYPE

3.5 1/2, 0

5.0 0, N

=

0, N

0, N
o, N

1/2, 0

[ 0 w N w

o, N

\ v i wn O

o, N
o, N

o

2.0 0, N

Light. Turned on side. Right rear wheel
housing bulged up. Hood blown off. Body
and seats scorched.

Iight. Hood blown off. Fuel tank bent.
Slight leak in radiator. Body and seats
scorched.

Light. Body bent. Fuel tank bulged in at top.
Tank leaks. Body and seats scorched.

light. Body bent and scorched. Seats scorched.

Light. Body bent and scorched. Hood blown
off. Seats scorched.

Light. Turned on side. Hood blown off. Body
bent and scorched. Seats scorched.

Light. Hood blown off. Body bent and scorched.
Seats scorched.

Light. Body bent and scorched. Seats scorched.

Light. Body bent and scorched. Hood blown off.
Seats slightly scorched.

Light. Body slightly bent.

UTILITY, 1/4 TON, 4 x b, M38A1

0.51 0, N

0.670, N

0.330, N

0.750, N

0.88 0, N

0.4 0, X

Iight. Hood blown off. Upholstery scorched
slightly at edges. Paint blackened and
scorched on left (exposed) side.

Light, Hood blown off. Upholstry scorched at
edges. Paint blackened and scorched on left
(exposed) side.

Light. Hood blown off. Upholstry slightly
scorched on exposed sides. Paint blackened
and very lightly scorched on left (exposed)
slde.

Light. Hood blown off. Upholstery scorched on
exposed edges., Paint blackened and moderately
scorched on exposed (right) side.

Light. Hood blown off. Upholstery lightly
scorched on exposed sides. Paint moderately
scorched and blackened on exposed (¥t) side

Light. Hood blown off. Upholstery acorched at
edges. Paint blackened and scorched on exposed
(left) side.

TRUCKS, CARGO, 2 1/2 TON, 6 x 6, M35 (REO)

5

4

1

3.3

3.2

3.1

0.710, N

1.0k 0, N

0.46 0, N

Light. Hood blown off. Body right side bent in
about 2 in. Cab left door caved in but still
operable. Tool compartment door and panel cave
in. Seat upholstery scorched. Paint blackened
and slightly scorched on exposed (left) side.
Hood left side panel blown off.

Light. Fuel tank side slightly caved in. Body
right side bent in about 3 in. Cab right door
caved in. Lock not operable, Battery compart-
ment door caved in, Hood blown off. Hood right
side panel blown off. Seat upholstery scorched
Paint scorched on exposed (right) side.

Light. Hood blown off. Body left side panel bent
in about 1 in. Left door of cab bulged in
severely but still usable. Hood blown off
(left side panel). Tool compartment door and
panel badly bent in but usable. Paint lightly
scorched on exposed (left) side.
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TABLE A.l - Damage Evaluation, Shot 1 (Continued)

Item P:gition, Move- Manhr, Degree of Damage and Description
Distance Pg Pgq ment, repgir
to GZ,ft (psi) (psi) £t req'd.

TRUCKS, CARGO, 2 1/2 TON, 6 x 6, M35 (REO), (Cont.)

10 S0 1kko 8.4 1.8 o0.800, N Light. Hood blown off. Body left side panel
bent in about 1 in. Left door of cab bulged
in severely but still ussble. Hood blown off
(left side panel). Tool compartment door and
panel badly bent in but usable, Paint lightly
scorched on exposed (left) side.

11 S0 1480 8.1 1.7 0.800, N Iight. Body right side bent in about 1 in. Right
door of cab bulged in severely but still us-
able. Hood right slde panel %blown off and
missing. Hood blown off. Batiery compartment
door badly bent but usable. Paint lightly
scorched on exposed (right) side.

12 SO b4 7.9 Lot 0 0y N Light. Fuel tenk right side slightly caved in.
Right side of body slightly bent in. Right
door of cab bulged in, lock not operating.
Hood blown off and right side panel bent in.
Upholstery scorched. Paint bladened.

TRUCKS, CARGO, 2 1/2 TON, 6 x 6, M135 (CGMC)

13 S0 1260 10.2 2.6 11.040, N Light. Left door of cab severely bulge in but
usable. Hood blown off and severely wrinkled.
Paint slightly scorched on exposed (left)
side; severely around gas tank.

1% S0 1290 9.9 2.5 1.0h0, N Light. Right door of cab severely bulged in.
Hood blown off and severely bent. Paint black-
ened and scorched on exposed (right) side.

15 80 1320 9.6 2,3 0.0, X * light. Hood blown off and severely wrinkled.
Right door of cab severely bulged but usable.
Tool compartment door bulged in. Paint
scorched and blistered on exposed (right) side

16 S0 1510 7.8 1.6 1.6 0o, XN Very Light. Hood blown off and bent. left door
of cab bulged in but usable., Paint blackened
on exposed (left) side.

17 S0 1530 7.6 1.5 0.880, N Light. Hood blown off. Left door of cab bulged
in severely but usable. Hood panel on left
side bent. Paint lightly scorched on exposed
(1eft) side.

18 S0 1545 7.5 1.5 0.630, N Light. Hood blown off and dented. Right door of
cab bulged in but usable. Tool box door bulged
in. Bood panel on right side pushed in. Paint

TRUCKS, DUMP, 6 x 6, M51 blackened on exposed (right) side.

19 s010% 12.8 40 0.750, N Light, Slight lesk in fuel tank. Hood blown off.
Left side panel blown off and twisted. Rear
of cab pushed back and slightly bulged. Left
door of cab bulged in. Cowl bulged in slightly
on left side. Tool box door bulged in. Slight
radiator lesk. Tires scorched on exposed side.
Surface of plastic reflectors fused where ex-
posed. Paint on exposed side (left) scorched.

20 S0 1100 12.1 3.6 0.750, K Light. Hood on left side panel blown off. Left
door of cab bulged in but usable., Back of cab
severely bent toward right. Tool box door and
panel badly bulged in. Lower part of left
fender pulled loose from running board. Plas-
tic reflectors fused where exposed. Radiator
support and headlamp panel assembly badly
bent on left side. Tires scorched on exposed
side. Peint blackened and scorched on exposed
slde,
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TABLE A.1 - Damage Evaluation, Shot 1 (Continued)

Item Position, Pg Pa Move- Manhr
Distance ment, repair

si si ) TEp
to CZ,%t (psi) (pst) "2 req'd,

Degree of Damage and Description

TRUCKS, DUMP, 5 TON, 6 x 6, M51 (Continued)

21 SO 880 14,1 4.8 0.92 0, N

22 SO 915 14.0 k.7 0.380, X

ARMORED INFANTRY VEHICLE M59

26 FO 848 1.0
rear-
ward

155 ma GUN, SP T97

27 ®o 872 1.0 b, 7h O

rear-
ward

1, 0

0
hori-
gontal

4,78 0.1 1, O

Iight. Hood blown off, right side panel
bulged in. Right door of cab badly bulged in
but usable. Tool box door bulged in. Fuel
tank side slightly bulged in and had &
slight leak. Crankcase ventilator knocked
off at tappet cover. Cab right rear panel
brace torn loose. Tire carrier side bracket
blown off, Englne right lower panel torn
loose from frame bracket. Battery box and
cover blown in. Left door of cab blown
against left fender and badly dented: fender
cracked. Plastic reflectors fused where ex-
posed. Tires scorched on exposed side.
Slight leak in radiator. Paint blackened
and scorched on exposed side.

Light. Hood blown off: hood right side panel
blown off and twisted. Slight radiator leak.
Cab rear panel slightly bulged in and bent
backward. Right door of cab bulged in. Right
side of brush guard and headlamp panel bent
forward and down. Left cab door blown open,
badly denting door, making door inoperative.
Tires slightly scorched on exposed side.
Upholstery slightly scorched where exposed.
Paint scorched on exposed (right) side.

Iight. Cargo hatch, Assy 8340066 vowed inward
approximately 1-3/8 in. Engine panels,
8340716 & 8341241 blown into crew compart-
ment, Bent beyond replacement by first eche-
lon. Air deflection panels (discharge side o;
of radiators) forced against drive shaft
requir ing removal prior to vehicle operation
Driver's periscope T17 bladened. Left peri-
scope locking mechanism broken, Front
striker on left crew hatch released during
blast permitting bending of hatch door.
Blackout marker lights lens burned and cir-
cuit inoperative.

Light. Periscope T17 blackened beyond usable
visibility: cleaning possible. Left front
IR headlamp lens shattered. Right front
fender md flap displaced; left mud flaps
torn .
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KEY:

TABLE A.2 - Damage Evaluation, SHOT 2

FO front-on: SO side-on; F field maintenance: O organizational maintenace; N none

Item Position,

Distance
to GZ,ft

Move- Manhr Degree of Damage and Description
Ps Pd ment repair
(psi) (psi) ft req'd.

12

1k

16

18

19

S0

50

S0

S0

S0

S0

50

SO

80

1500

1500

13%

1200

1200

1350

1200

13%0

1350

1050

9ko

TRUCKS, UTILITY, 1/4 TON, 4 x 4, M38AL

10.9 3.2 6.1 1, o Light. Vehicle opersable; rolled over on right
side. No apparent serious damage., Started
when uprighted.

10.9 3.2 6.2 1, 0 Light. Vehicle operable; rolled over on right
slde. No apparent serious damsge. Started
when uprighted.

11.5 3.7 10.4 1, [¢] Light. Vehicle operable; rolled completely
over and spun. No serious damage visible.
Started when uprighted and towed.

TRUCKS, CARGO, 2 % TON, 6 x 6, M35 (REO)

13.5 k4.8 39 1, O Light. Turned completely over, then on side,
resting with left side up. Fender blown off.
Frame rsil slightly bent. Roll-over-safety
bar still in good condition.

13.5 Lk.814k.6 3, o© Moderate. Vehicle probably combat usable after
replacing or patching fuel tank. Rolled over,
resting on top. Large hole punched in side
of gas tank. Roll-over-safety bar crushed
and bent. Steering wheel and frame apparent-
1y not damaged.

1.5 3.7 7.5 1, 0 Light. Vehicle combat usable. Turned ever on
left side. No apparent serious damnge.
Started when uprighted.

TRUCKS, CARGO, 2 4 TON, 6 x 6, M135, (GMC)

13.5 4.8 52 8, F Moderate. Combat usable after repair of
front axle. Rolled over l-+ times coming
to rest squarely on roll-over-safety bar.
Left front wheel blown off. Constant ve-
locity joint housing flange cap screws
sheared. Axle shaft end off.

11.5 3.7 8.6 1, © Light. Vehicle combat usable. Rolled over
on left side. No serious damage visible.
Started when uprighted and towed.

11.5 3.7 7.6 1, o] Light. Vehicle combat usable, Rolled over
on left side. No serious damage visible.
Started when uprighted and towed.

TRUCKS, DUMP, 5 TON, 6 x 6, M51

13.9 11.2 109 - S Severe. Not economically repairable. Rolled
over several times coming to stop on left
side. Body blown off. Frame side rail bent.
Cab blown off. Bell housing broken. Car-
buretor broken (probably during rolling).
Steering columm broken. Body badly bent
but intact.

15.8 24,8 111 - s Severe. Not economically repairable. Rolled
over coming to rest on top. Chassis only
remains. Body and cab blown off, Rear axle
blown off. Frame rail slightly bent. Bell
housing broken., Steering column broken off.
Body and cab blown apart.
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TABLE A.3 - DAMAGE EVALUATION, SHOT h

KEY: FO front-on: S0 slide-on; F field maintenance; O organizational maintenance; N none

Item Position, Move- Manhr Degree of Damage and Description
Distance Ps P ment repair
to OZ,ft (Bat){pat) ft req'a.

TRUCKS, UTILITY, & TON, 4 x k4, M38A1

3 80 3700 6.9 3.1 96 3-6, 0 Moderate. Vehicle probably combat usable.
Rolled over and landed on wheels., Started
v/o aid and operated in forward and re-
verse. Severe damage to left rear corner
forced driver's seat up against steering
wheel. Left rear spring bent at second
clip from front eye. Only one leaf attached
to eye. Left rear shock absorber broken.

L 80 3380 7.9 4.1 138 10.15, F Moderate-Severe, Vehicle questionable for
combat use. landed on right side in gully.
Uprighted and started engine w/o aid.
Yollowing repairs necessary prior to use:
(1) replace radiator; (2) replace all
engine mountings; (3) repair clutch link-
age; (%) straighten floor under driver's
seat. Seat up ageinst steering wheel due
to severe damege to left rear corner of
body.

5 80 3380 79 k.1 209 -, S Severe. Completely demolished. Frame mangled.
All components blown off except axles.

TRUCKS, CARGO, 2 4 TON, 6 x 6, M35 (REO)

10 S0 3380 7.9 k1 116 -, S Severe, Not economically repairsble. Landed
on left side in gully with front and 180°
reverged from direction prior to shot. Frame
badly bent st bogie. Right bogie trunnion
bracket torn loose from frame gusset. Inter-
mediate to rear axle propeller shaft bemt
around bogie cross tube. Body sub-frame
badly bent. Body in good condition. Front
of radiator penetrated in several locations
by stones.

11 S0 3380 7.9 ki 212 -, 8 Severe, Not economically repairable. Landed
upside down. Frame bent moderately forward
of intermediate axle. Body blown off 9O
£+ from vehicle. Sills and body sides badly
butkled. Roll-over-safety bar knocked off.
Right side cab crumpled flush with floor.
Front engine mounts broken. Transmission
base broken free from front cover. Inter-
mediate axle torque rods broken. Intermed-
iate axle shifted to bogie. All springs
bent or broken. Fuel tank kmocked off.

Top tank of radiator badly buckled and

many stone penetrations through tubes.

Right fender missing. Left fender badly
crumpled, Battery tray and batteries knocked
off. All propeller shafts broken or twisted.

9 S0 3000 9.2 6.9 395 -, S Severe. Completely demolished. Landed on
left side. All axles blown off. Cab
mangled. Body held by one bolt. Engine
almost out. Bell housing broken.

17 s0 3380 7.9 ka2 122 2, O Moderate. Probably combat usable. Landed on
right side. Following repairs necessary
prior to use: (1) replace batteries which
were thrown out and broken: (2) cut tail
pipe loose from muffler. Tail pipe was
flattnned. Frame slightly bent.
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TABLE A3 - DAMAGE EVATUATION, £HOD 4 (CONTINUED)

Item Position,

Distance
to 0Z, 1t

17

(ph1) (3e1)

P

‘Move-

ment
tt

Munhy
repulr

Tey'd,

Degree of Dumage and Description

13 80

z0 S0

21 80

2k 50

25 FO

26 FO

Z{ FO

3000

3000

338

3000

3700

3700

2350

2350

9.2

w
~

9.2

6.9

6.9

11.6 34.3 Unknown 28,

11.6 3%.3

TRUCKS, CARGO, 2-4 TON, 6 x 6, ML35 (GMC)

6.9

6.9

6.9

3.1

200

45

159

2

5

Bevere. Completely demolished. Landed on

wheels. Frame "Z" shaped behind cab, and
severely bent and broken from cab forward.
Body blown off, Cowl. and dash caved in,
Cteering wheel gone: column bent. All
major components (engine, transmission,
etc.) badly broken up.

Bevere. Not economically repairable. Landed

upside down. Frame moderatelly bent at
bogie, Engine and transmission torn out
and lying on ground in front of vehicle.
Cowl. and dash caved in. All body mountings
broken except rear. Forward section of
body bent across bed. Both fenders badly
buckled. Roll-over-safety bar broken off
at welds at body.

Severe. Not economically repairable. Vehicle
landed on wheels. All of right side of
vehicle badly battered. Body still attached
to hinges but torn loose from cylinders and
lying 180° at rear of frame. All engine
accessories broken. Flywheel housing broken.
If the body is replaced, the left side of
the vehicle will present an almost normal
eppearance.

Severe. Completely demolished. Frame "Z"
shaped and broken at intermediate axle.
Body blown off and located 240 ft from
vehicle. Cab badly tornm up.

TANK, M:8, 90 mm GUN

None

None

ks

2,

6,

0

o]

F

0

Light. Sand and gravel in gun tube. Sand and

gravel in machine gun. All glass facing
blast obscured by soot and dust. Minor
damage to fenders.

Light. Sights on gunner's periscope sand-

blasted and cracked. Runge fender emd
windows sand-blasted. Glass in headlights
broken. Turret traverse mechanical Nobak
not functioning. Requires internal spring.
Gravel in gun tube.

ARMORED INFANTRY VEHICLE, MS59
Moderate. Main engine did not run. Driver's

instrument panel bowed, brace town off.
Main electrical harnmess torn out of mounts
and pulled apart. Top armor over infantry
compartments buckled. Two top doors warped.
Forward external glass smashed.

155 mm, GUN, SP, T97
12,

Moderate. Vehicle overturned on left side,
deforming fenders, detaching two grill
doors and headlamps assembly, breaking
spade operating cables and spade locks.
Battery acid, gasoline, and hydraulic
0il and air cleaner oll leaked out.
Machine gun pintle wmount stripped. Gun
tube filled with gravel. Outside window
smashed on gunner's ‘telescope,

7
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TABLE A.4 - DAMAGE BVALUALION, ouor &
KEY: ¥0O fromt-on 90 plde-on JF f£ield muintepwace O brguuiv;tJ.oxul mulobenance; N noos
5 salevie
Ttem Position, Move-  Munkr Degree of Dumuge sud Depcriptlon
Distunce Pn Pa ment  repalr
to GZ’ﬂ’A(B’i) (})ui) 4 req'd,

TANK, Mi8, 90mm
23 ¥ 13% 11.5 9.6 Nope 5, 0 Tdpbt. Teft froot fender Leat dowa on lruck.
Slgbte and viplon devices badly pitted,
Sand and dirt 1o 90 mm gun bube. Frount
Ligot assenblies smoghed and bept on bracket.

TABLE A.5 - DAMAGE EVALUATION, SHOT 6
KEY: #0 fropt-on: 50 side-on: F field maintenance: O orgenizationsl meintenance; N none.

B salvage.
Ttem Position, Move- Manhr Degree of Damage and Description
Distance P ment  repsir

P
a
to GZ,2t (psi) (pei) £t reg'd.

TRUCKS, UTILITY, £ TON, 4 x 4, WW-IT JEEP, ASPHALT SURFACE

42 80 1800 6.2 5.9 66 8-10, F Moderate, Hood blown off. Fenders slightly
bent., Brush guard blown forward and radis-
tor core stone-blasted. Battery broken lopose
from holder, but still cornected. Engine
started but vehicle could not be driven as
transmission failure occurred prior to
shot. Right rear shock sbsorber broken.
Steering gear was jammed and steering vheel
badly bent. One seat cushion right side of
vehicle blown out. Lights did not light
and wiring needs checking. Body paint
scorched.

L PO 2800 6.2 5.9 i 140 Moderate. Vehicle had damaged transmission
before ghot. Hood was blown off. Fan belt
wag off., Coll wire to dlstributor Llown
loose st suppressor. Connected wire but
engine would not start. Starter worked.
Headlight blown out and needs replacing.
With minimm repairs should be made
operable.

18 80 2000 6.6 3.8 18.8 1, 0 Light. Vehicle was blown upside down. Steer-
ing column and steering wheel bent. Ges,
0il and coolant leaked out. Hood hed been
blown off. Body bent at left rear wheel.
Brush guard and grill bent. left front
fender bent and right headlight bracket
bent. Blackout drive light bent at braket.
Vehicle had no battery prior to shot. En-
gine was not started. Paint scorched and
sand-blasted on right side.

k7 O 2000 6.6 3.8 5.3 8, F Moderate. Hood blown off. Cowl metal raised
approximately 9 in., where bhood was hinged.
Dash was bent 3 in. rearward at center.

3/k inch holes in radistor core. Engine
could not be started because of missing dis-
tributor prior to shot. Hand brake jammed
in "on" position. Battery cables jarred off
posts. Left headlight broken. Paint scorched
at front of vehicle.

37 80 2300 B8.0 2.0 13.9 1, 0 Light. This vehicle was blown upside down and
hood was bent in by large stone. Steering
wheel was bent but ussble. Paint slightly
scorched. Attempts to start engine revealed
low battery. Could be made usable with min-
or repairs.
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PAVLE AL - LAMACE VALSAIION, SHOT & (OOMIENED)

e Positiou,

Move- W e

Begree of Laumge 208 Depcriyidon

Disbugoe P ¥ 4 went  repalr
1o U, 2% (pof) (phi) £b  xeq'd

WHISKD, URILIEY, 1 V0N, h x k, Wd-1T JRY, ASPIADY SUMPACE (COMFINGSED)

o w9 w0

38 89 299

89 %Y

2.3 1.0

%Y 1,
Labh A,
1.6 1,

) Ligit. Hood blows off, codl meinl ford dhere
hood slmves, Boglne starded did mot drlve
vendele. Wexe uxie had fulled pricr o shot.
Vendele 908 ouo v Leopt wieel deive oply
prior by shot, Headlizble Lignted but wir
fng wes woorched fn pobs wnd expored.

Fear llsbte did not light. Iostrument pagel
bent pesresed bub fostzumente functioned.

© Light, ¥aidcle Llown over aad landed op lett
eidfle, Fogine couwld mot be siarted Leezvse
of desd batbery. Hood blown open 208 buekled
ypwaril, Both hood lstehes broken, Zatterny
waber leaked ounl, Eoglne o1l leaked out.
Frond blackoud 1wl vrecket Dent, but
Adgnt worked. Rear siop ligbi worked, bmi
blackowt 1igut 4id nol work.

o} Light. Hood Dlowo off. Bieerding wheel sod
collums bend, Wiring 4o Lighis and instru-
ments sboried or loose =5 fonciion of elec-
trical items was lntermitient.

TRUCKS, UTILITY, & 2om, & x kb, WW-II Jeep - DESERT SURFACE

35 80

36 80 2000

B0 1.2 5.7

1.2 k.3 37.3 10-12,

66,0 23,

2800 22.2 5.7 108.0 8-10,

49 ®O 2000 1.2 k.3 I7.9 1,

50 PO 2300

9.6 2.8

6.6 1,

D Moderute. Vebicle had failed tranexission
and poor brakes prior to sheot. ¥Vehiele
wzp blovn upside down. FHopd wezs blown
off. Sieering coluen snd wheel wers bent,
Cowl smashed in on lefi side. Headldghi
Zlzes broken. Lights funciioned. Front
fenders bent Sown on froni wheels, Batiery
peeds replacipg. Right side front seai
back bent Sorward.

¥ Moderate. Vehicle hed fafled transmission
prior to shot. Vehicle wes blown upside
@own. Hood blown off. Body badly dameged
on left rear side. Brosh guard snd grill
bent. Fenders bent. Sieering column &
wheel bent. Froot sests backs bent. Wir-
4ng pulled from heedlights: headlight gless
‘broken. Battery cese broken. Clutch did mot
Lfunction. Redistor top tank punctured znd
bent. Radismtor core punciured. Cooling fan
bent. Brekes mnservicesble.

F Moderate. Engine would mot steri prior to
shot. Vehicle was blown over znd lended
right side up. Hood blown off. Body right
rear corner bent in. ILeft side of cowl
bent in. Left front fender bent down., Brush
guard and grill twisted. Tranemission would
not sbift. Steering wheel bept. Paint
secorched. Spere tire bracket smeshed.

0] Iight. Vehicle had failed trenswisson prior
to shot. Hood blown off. Dead batiery pre-
vented starting of engine. Beadlight glass
‘broken.

[¢] Light. Hood blown off znd ripped out center
of covl metel and bent dash rearwerd, Head-
light gluss broken but lights funetion.
Front exposed paint scorched.
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CAEL L.l o DRISE SAIBRCION, SHOE £ (Sontinaed)

Thew: vositiori, Topjan Vo 7%, Derroe of Loumde and Lescription
bisteans ¥, z ety vepaie
Lo 6, 1% (8D (38 54 rey'd
%

p

t

o P T 2oy P

T , WIEIETY, TON 4 xR, WEL, FENY - DISTEU TSRRASL (Tontinees)

Ay g0 zwoo 9.6 2.8 My 1, O ldput. Temnsmbasion functioned in low gear
iy prior to stot., Venicle wig vlowd up-
side &ovn, iaeft rear corner of vody smesned.
#ood viown off, Zugine could not ve started
vecause of Send vattery., Sexrvice brikes
need adjusting.

¥yoony 2 1.y 2.9 AL A, 9 LieEb. Teldele wms Yivwn vpside down. 1eft
Poont fender went, PLoHS foomt ghock gbe
sorber walled apert, Zackn of left front
st Vent, Mmudne 2owld noh ve sitaried

) beemze of dry tetiery.

NP0 2y 1.5 2.9 2.5 4, 9 Liit, Hood vlown vemrvurd wnd dwwagzed ot
nlnge, Soul metwl puiled vy 2t center.
Imphne gtertsd, et Shrottle wnd ehyze Iink-
s ueed od Jusuent due 40 vend dash, Diser-

e wneel veot, Picht Rendlight 444 nob Iignt.

-

V. 2. MAINE COBFL, TRUCKD, Z/5 0N, £ x £, (T, - WRIND TORFD TEETOR
s o0 zhoy 2L 1y - i, ¢ LAswh, Tendele wmn displuayed dsit oide-on
e, sl vus viven ovar landing on its izt
No. cAle, Fook wap Ylowm off Lzading 1% fzst
Tt Brom the veldele, Cub czaviz w2 Blown off.

left door weat im Ty Dlzet ub gill weable.
Telilpipe puilsd out of ywfiier, Tzcopzuiin
frezme copsiciing of bows znd slais wze Llown
of? end dzmpred v oyond repaiv, Tatiery turped
zn~ioe oyzs Dyt would not start due {o missing
weotor fou ddeteibutor., 1ignts 414 not function;
it iz believed wiring wag defective. Taint
cegrched on left side, “Mpdrhisld glase was
not vroxzen, Czrpro body left zide fo rezr of
gide zecess door Dowsd in approximately 7 in.
£y Plact.

voe 50 2790 £f.e 1.0 - ifz, © Iirnt. Vehicle wer displayed side-on to

rer. cround zero 2nd rempined right cide up. Tail
To. rine was tlowm looze from wmufiier. Zngine
iy T i .
1242 w2r piarted and vehiels moved approzimaiely

“indzhield glass eracked, Food blown
of?, landed apurorizeiely 275 feet from ve-
hicle. Zody front penel was cracked st lefi
front corner. Body lefi side pansl bowed in
from blast slightly. Bovs on left side of
pody raised up in the bow peckets, and a
smell portion of wood blown away.

yan S0 2700 6.2 1.0 -~ i/2, o iight. Vehicle entrenched epproximetely 10 £t.

Rer. deep. Front bov metal penel slightly bent,
To. C&b canvas torm. Right side hood brace bent.
To455 Center hinge rod at rear of hood slightly bent

TANK, MUA3, U. S. M8RINE CORPS - MARINE CORPS SBOTOR
18600 50 1500 .6 -  Vehicle 6, ©  Licht. 3efore use afier uprighting. Need to

over- repair minor damare 1) cleen sand and dust
turned from gun; (2) reinstell spare roed wheel; (3)
on right reinstell turret deck plates; (&) straighten
side left rear light; {5) reinstall right deck

plate over engine; (£) straighten right fendex
{7) check electrical and fuel systems to de-
termine reason for engine not rumning. Engine
may not have been in ruaning condition prior

to shot.
10326 SO 1300 8.8 - - 1, O  1ight. Sand and dust in gun; regquires clean-
ing.
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TABLE A.% - DAMAGE EVALUATION, SHOM o

XE{: FO front-om; S0 side-on; ¥ field maintenance; U organizational maintenance; ¥ none
S salvage.

Ttem Pogition, liove- Van hr Degree of Deamage and Description o
Distance P, Pa ment repair
to €Z,ft (pei) (pei) £t req'd.

FRUCY, UTTLITY, 1/% TN, 4 % &, Wi-TI JERr (ERL VEHICLE)

2 80 2900 B3 1.5 12.9 i, o Lighv. Vehlcle blovn upside dovmn. Iood blown
off. RPteering gear wheel bent, blackout
light bracket bent, and battery ecid drained
out. All paint on right side scorched. Could
not stert engzine.

f
[
N
O
&
.\.‘0
N
e
\n

7.7 1/2 0  Light. Hood blown off, cowl pulled upwerds at
hood hinges. Rediator top tank leeking. A1l
front exposed paint and tires scorched.

Could not ctart engine.

3 50 2250 £.5 1.1 10.1 i, © Light. Vehicle blown upside dowm. Eieering
coluun and steering wheel bent. Frong bum-
per bpent end wood filler splintered. Top
right side of body crushed in. Hood bent
but still ettached to vehiele. Battery acid
and engine oil dreined oub. Right seat front
bent. Peipt on lefi side sand-blested end
scorched, Vehicle was righied and started.

[Wal
N

Yt

}o

e

o}

33 FO 2250 2, © Moderete. Hood blown off. Cowl ripped back to
dash. Dash panel blown out. Jliring & instru-
ments condition needs checking. Three-~
fourths of front erea of radiator hes fins
flattened dowvn so as to prevent air pessage.

teering wheel bent. Could not start before
or after the shot.

Very light. No damage except scorched peint
on left side.

0.4 -, 0 Very light. Hood blown of? (wes only lying

in place). Front exposed paint scorched.

27 80 3700 5.0 0.8 0.

o

\
-

o

(e8]

25 FO 3700 5.0 0.

TRUCK, 1/4% TON, M38, NO. 2089€L76 (CAMP DESERT ROCK VEHICLE)

so 285 8.1 1.7 9.0 -, 0 Light. Vehicle exposed right side to ground
zero with dummy in driver's seat & a radio
sitting loosely on right reer fender. Fender
was blown over on left side; dumy remained
in seat; radio spilled out onto ground. Hood
was blown off, windahield freme bent and
ripped, battery acid drained out, assistant
driver’s seel torn out and blown 25 feet
from vehicle. Right side of vehicle
scorched. This vehicle would probably be
immediately opersble when uprighted.

TRUCK, 3/h TON, M37, NO. 2401665 (CAMP DESERT ROCK VEHICLE)

so 285 8.1 1.T 9.0 2-3, 0 Moderate. Vehicle exposed on right side %o
ground zero with a redio sititing loosely
on troop seat. Vehicle wes blown upside
dovn smashing all bows, bending tailgate
and resting on radio which bent the right
side of the body outwards. Cab was bent,
windows smashed, right door caved in. The
hood was bent double & was supporting the
vehicle, probsbly prevented damsge to en-
gine. All running gear, frame, suspension,
etc., appeared to be satisfactory. All
paint on right side scorched. If uprighted
& serviced with water, gas & lubricants,
this vehicle would probably be operable.
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TABLE A.6 - DAMAGE EVALUATION, HOT 8 (CONTINUED)

Item Position, Move- Man hr Degree of Damage and Description
Distance P s Pd ment repair
to GZ.ft (psi) (p si) It req'd.

TRUCK, + TON, M38, No. 20896474 (DAMP DESERT ROCK VEHICLE)

RO L4500 L4 0.5 Not None Very light. Vehicle exposed with rear to
Observed ground zero. Remained upright. Vehicle was
displaced by shot, but displacement wes
not measured. Only damage sustained wes
re..r door jammed in 1 in. & rear seat
pushed forward.
TRUCK, 2-% TON, ML35, No. 41198299 (CAMP DESERT ROCK VEHICLE)

50 L4500 34 0.5 - 1/2,0 Light. Vehicle exposed with left side to
ground zero. Vehicle remained upright, wes
pushed slightly sideways. Left door pushed
in. Left & right door glass was smashed.
Right windshield smashed. Left windshield
intact. Hood was blown up and bent over
top of windshield frame. No other damsge.
Vehicle started.

TANK, M8, 90 mm

23 RO 2650 8.9 2.2 o 2, 0 Light. Minor demage to use: (1) replace one
at commander's periscope: {2) clean sand from
450 main gun tube; (3) clean sand from coaxial

angle machine gun: (k) replace right rear fender

(5) replace dameged water can; (6) clean
soot from glass sighting surfaces.

24 FO 2650 8.9 2.2 o 2, 0 Light. Minor damege to use: (1) clean sand
from main gun; (2) clean sand from coaxial
machine gun; (3) straighten right front fen-
der: (k) streighten right fender to rear of
stowvage boxes: (5) clean scot from glass
sighting surfaces.

75 S0 26%0 8.9 2.2 o0 2, 0 Light. Minor damage to use: (1) clean sand
from mein gun: {2) clean socot from glass
sighting surfaces: (3) straighten right

ARMORED INFAWTRY VEHICLE, MF2 front & rear fenders.

6 S0 200 12.5 4.8 24 4, © Light. Major meintenance necessary to upright
vehicle. Minor damege. To use: (1) remove
oil from engine cylinders; (2) replace miss-
ing access cover plate over right engine;
(3) re-install dislocated panel plate in
right side of driver’'s compartment;
check batteries - replace lost fluid; (5)
clean breather on right engine; (6) replace
one cupola vision block.

SELF-PROPELLED 155 mm GUN, T97
27 SO 40 12.5 4.8 5 2, 0 Light. Minor damege; to use: (1) clean sand

from main gun; (2) clean soot from glass
sighting surfaces.
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TABLE A.7 - DAMAGE EVAIUATION, SHOT 9
KEY: FO front on; SO side-on: F field maintenance; O organizational maintenance; N none

S salvage.

Item Position, Move- Men hr Degree of Demage and Description
Distance Ps Pd ment repair
to GZ,ft (psi) (psi) £t req‘d.

TRUCK, UTILITY, { TON, & x L, JEFP (BRL VEHICIE)

4 Gz, 112 78 - 1.5 ko, » Severe. Exposed directly under intended
ground zero. Vehicle remained upright.
Because of the proximity to the center
of the explosion, damage to the vehicle
was the least of the seven vehicles ex-
posed. However, damage was severe. Fuel
tank crushed, body bent and scorched,
driver's seat blown out, floor bent,
radiator top tenk crushed and core punc-
tured, carburetor air inlet horn crushed,
instruments, lights and wiring scorched
and blown out. Hood blown 155 ft. Vehicle
remained upright,end running gear, sus-
pension, power train and engine appeared
1o be undamaged.

k2 80 236 59 - 5.h 0, D Severe. Very near to actual ground zero.
Vehicle remained upright. The running
gear, suspension, engine end power treain
appeared to be unharmed. Entire body,
and anything above it such as steering
vheel, instruments, knobs, sbift levers,
hood. fuel tenk, radiastor, carburetor
air intake horm, and grill were crushed,
bent, and burnt so vadly thet replace-
ment of all of them is pecessary. Both
left tires were flat. (Side awsy from
blast)

B s0 W67 4.0 19.5110 -, S Severe. Body ripped off of vehicle, blown
30 ft. swey. Chassis landed on its wheels.
The entire power train, engine, suspen-
sion, and running gear, except for a
smashed transmission case, appeared to
be all right. The frame was twisted,
radiator bent, crushed, and punctured
and everything else sbove the chassis
stripped off and ruined.

ks so 380 47 20.0 68 -, S Severe. Only salvagable items are engine,
tranemission, transfer, and rear axle
assembly. The frame, body,and all other
components were damaged beyond economi-
cal repair. Mangled body was still cling-
ing to chassis. Chassis lying on right
side. On this and remaining vehicles
carburetor was blown off of engine.

18 PO 782 2.k 1.5 53 50-60, D Severe. Vehicle on its wheels. Frame,
possibly engine, transmission, transfer,
axle assemblies, and suspension vere all
right, Body badly bent and twisted, grill
and radiator blown back around engine,
carburetor blown off, clutch inoperative,
two shock absorbers bent, rear sest
missing, headlamps demolished.

47 80 773 21.h 14k.5 124 - S Severe. Vehicle landed on right side. Body
and many parts ripped from bent chassis
and demolished. Only reusable jitems would
be engine and power train nov including
front axle assembly.
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TABLE A.7 - DAMAGE EVALUATION, SHOT 9 (Continued)

Item Position, Move- Man hr Degree of Damage and Description
Distance P P 3 ment repair
to GZ,ft (psl) (psi) £t req'd.

TRUCK, UTILITY, &+ TOR, & x 4, JEEP (BRL VEHICLE) (Continued)

43 S0 1022 13.0 11.0 106 -y S Severe, Remsinder of vehicle resting on
wheels. Body and many vehicle parts ripped
from chassis, frame distorted. Entire en-
gine and power train might be reusable
after checking and repairing. Four springs
and two shock gbsorbers undamaged. A1l
else gerap.

TABLE A.8 - DAMAGE EVALUATION, SHOT 12
KEY: FO front-on: SO side-on: F field maintenance; O organizationsl maintenance; N none

S salvege.
Item Position, Move- Man hr Degree of Damage and Description
Distance , Py Py ment repair
to G2,ft (psi) (psi) £t reg'd.

TRUCK, UTILITY, L TON, 4 x 4, WW-II JEEP (BRL VEHICLES) DESERT SURFACE

23 S0 2000 9.8 40.0 650 -y S Severe. Bent frame with three wheels re-
maining. Demolished.

16 FO 2000 9.8 L0.0 575 -, S Severe. Bent frame & severely bent body.
Left front wheel blown off. Demolished.

31 S0 2250 5.9 23.0 780 -, & Severe., Bent frame with front & rear axle,

steering column, radistor & grill and
left front vheel only attached. Demolished.

25 FO 22%0 5.9 23.0 Dis- - S Severe. Frame, radiator & front axle all
menbered bent into one compact heat. Demolished.
15 80 250 7.0 11.3 165 - S Severe., Bent frame, severely damaged body
& wheels on left side blown off. Demolished.
13 FO 2300 7.0 11.% 186 -y s Severe. Bent frame, severely damaged body
& radistor assembly. Demolished.
12 S0 27% 7.3 T 264 -y s Severe. Bent frame, severely damaged body,

engine blown out of frame & left front
wheel blown off. Demolished.

2 FO 21 7.3 7.7 9k 6, F  Moderate. Left front vheel parted at brake
backing plste bolt circle. (Parts for
repair would be obtained from severely
dameged vehicles).

17 S0 3000 7.6 1.1 Ly 3, F Moderate. Vehicle pivoted 180° and came
to rest upside down. Radiator rejuires
repair, one bent wheel requires replace-
ment.

5 FO 3000 7.6 1.1 5.7 1, F Light. Headlamp elements only were damaged.

TRUCK, UTILITY, & TON, & x 4, WW-II JEEP (BRL VEHICLES) WATER SURFACE

26 SO 2000 25.0 35.2 370 - S Severe. Frame with axlesg attached turned
upside down with three wheels remaining.
Demolished.

360 -y S Severe. Frame & componenis are usable and
intact. Body & sheet metal severely
damaged.

32 80 2250 12,0 28.0 337 -y S Severe. Engine & transmission separated &

blown out of frame, Frame severely bent
& twisted, rear axle broken in two parts.
. Demolished.
34k PO 2250 12.0 28.0 300 -, 8 Severe. Engine, transmission & transfer
assembly blown out of frame. Axles re-
mained fixed to frame as vell as a
geverely damaged body. Demolished.

38 FO 2000 25.00 35.

wn
n
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TABLE A.8 - DAMAGE EVALUATION, SHOT 12 (Continued)

Item Position,
Distance s
to GZ,ft (psi) (psi)‘

P, Py

Move-
ment

ft

Man hr
repair

req'd.

Degree of Damage and Description

k6

4

kg

30

37

1k

SO

SO

83

S0

SO

FO

S0

SO

8

8L

TRUCK, UTILITY, & TON, 4 x 4, JEEP (BRL VEHICLES) ASPHALT SURFACE

250

2500

2%

2250

22%0
2500

2300
1%

2750

2500

12.5 10.5
12.5 10.5
13.3 k.1
13.3 4,1
9.9 2.6
9.9 2.6
21.5 16.1
21.5 16.1
10.5 10.6
10.5 10.6
8.0 8.4
8.0 8%
6.0 6.4
6.0 6.4
5.3 1.7
5.3 1.7

516
290

255

28.8
38.5

10.8

23k

193

75

65
46

13.3
3.3
1.8

2

s

s

o

)
- S
- s
-y S
-, s
- S
-, S
2, F
2, F
- -
1, ©

Severe. Body blown off of frame: all other
compopents remained attached. Frame was
bent beyond repair.

Severe. Frame benit beyond repair:body a
total loss. Components only are salvag-
able.

Moderate. Frame bent at right front spring
hanger due to impacting with & ton No. 20.
Can be roughly straightened in field and
vehicle could be put in combat use.

Light. Hood blown off.

Light. Vehicle rolled over water dike: rear
body panel bent by spare tire: hood blown
off,

Light. Hood blown off.

Severe. Body blown off and damaged beyond
repair, chassis intact and on its wheels.
Demolished.

Severe. Frame bent beyond repair: body
severely damaged:; left front wheel,brske
& backing plate assembly blown off.
Demolished.

Severe. Damage due both to rollover & fire.
Frame mildly bent: body will reguire re-
placement: all tires burned off.

Severe. Blast damage was light: fire
damage severe,

Severe. Moderate fire damage, frame bent,
body bent, and both will re ,uire re-
placement.

Severe. Severe fire damage and moderste
blast damsge.

Moderate. Vehicle upside down. Severe
radiator and moderate body damage,
moderate fire damage.

Moderate, Cowl torn open, radiator punc-
turned by debris.

Light. Left side of body slightly dented,
and hood blown off.

Light. Cowl torn wide open, hood Llown
off, radiator had small punctures but
could be refilled at intervals,

TRUCK, + TON, M38A1 (D&PS) DESERT ROCK SECTOR
- s

0.5 11.5

L

85

cevere. Vehicle wns standing on wheels,
The frame had a 2-in, twist at rear
shock absorber mownts. The complete
body was torn loose from the left side
of the frame and was held by the steering
wheel and by several bolts on the right
side of the frame. Doth front fenders
and the brush puard and mrill vere
twisted and crushed. Radiotor had been
mwmctured approximately ® in. from top
tank. BRoth service and hand hrakes were
inoperative. The steering column 1s not
economically rapaireble and should bhe
salvaged for parts.
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TABLE A.8 - DAMAGE EVALUATION, SHOT 12 (Continued)

Item Position, Move- Man hr Degree of Damage and Description
Distance Ps Pd ment repeir
o GZ,ft (psi) (psi) £t reg'd

TRUCK, %TON, M3BAL (D&PS) DESERT ROCK SEOTOR (Continued)

2 80 225 2.5 16.0 177 -y S Severe, Vehicle on wheels; frame slightly
bent at transmission. Body blown off
vehicle & rested approximately 3k yds.
from vehicle. Left front fender blown
34 yds. from vehicle, right front fender
buckled & torn. Brush guard, radiator,
batteries, seats, instruments, & lights
were either with the body or in vicinity
of body. Right rear engine mount cracked,
and left front engine mount was twisted.
Cannot shift transmission. Both service
and parking brakes inoperative. Steer-
ing column bent and wheel twisted.

3 80 2000 15.0 32.0 265 -y S Severe. Vehicle upside down. Frame bent.
Body, engine, and transmission blown
off vehicle & resting 100 yards from
chassis. Vehicle is not economically

N repairable.

k 80 2000 15.0 32.0 6.9 - § Severe. Almost all sandbags and banked
earth blown away. Vehicle on left side.
Rear half of body & fuel tank blown off
vehicle. Muffler was punctured. Car-
buretor cracked at base. Front drive
shaft missing. Both front wheels bent.
Steering wheel & column bent.

6 50 270 9.0 T.> 30.8 20, T Hoderate. Vehicle on back haviny spun 900.
The right rear corner of body and bumper
crushed. Batiery blown 5 ft. from ve-
hicle. Floor of vehicle prevents deprese
sion of clutch pedal, Right reer shock
absorver missing and left reer one torn
loose from fyrame. Assistant driver's
seat blown T feet from vehicle.

TRUCK, 3/4 TON, DESERT ROCK SECTOR

S0 2500 10.5 1.5 50 3, 0 Moderate. Upside down. Cargo body reguires
some straightening: cab doors & wind-
shield should be cut off. Roll-over
safety bar collapsed. Will be combat usa-
ble when put back on its wheels.

TRUGK, CARGD, 2-1/2 TON, 6 x 6, M1L35 (GMC) (D&PS) DESERT ROCK SHCTOR

1o 80 2270 12.5% 4.0 HhT -, S Severe. Vehicle on wheels. Frame bent
over trunnion centex line. Tuel tank
torn loose from frame & tuckled. Tail-
pipve torn loose from muffler end bent at
ton, Corpo body bLlown off frame & was 10
yds. from vehicle. The cab was distorted.
Both doors inoperative, Both front fenders
blown off. Brush puard & jrill dlown off.
Battery carrier damaged. Carburetor gover-
nor broken off carbwretor. Steering vheel
bent. Vehicle is not economically repairable.

1 s0 2700 10.5 11L.5 %) %0, D Severe. Vehicle on wheels. Frame had a slight
bend at bogie centerline on left side. The
mulfler was caved in & the tailpipe was bent
at the top, The sides of the body were
buckled; tall gate OK. Right rear corner of
the cadb was twisted. Left battery was torn
loose from carrier & was 5 ft, from vehicle.
Cable from generator was torn loose. All
spring clips on right rear spring were bro-
ken loose at spring.

86

SECRET



TABLE A.8 - DAMAGE EVALUATION, SHOT 12 (Continued)

Item Position, Move-
Distance Ps Pd ment
to GZ,ft (psi) (psi) ¢

Man hr Degree of Damage and Description
repair
req‘d.

TRUCK, CARGO, 2-% TON, 6 x 6, M35 (REO) (D&PS) DESERT ROCK SECTOR

I8 80 2500 10.5 11.5 50.1 b

‘.

<

, D Severe., Vehicle on left side. Body blown off
& attaching cross sills over bogie ripped
loose from body. Cab of vehicle was severely
bent & distorted, no doors usable, Radiator
hoses torn loose % mountings are loose.
Starter linkage jammed. Steering wheel bent,
balance of steering 0.X, Cab Tloor bulged.

17 =0 3000 7.9 1.9 18,7 8-10, 0 Moderate. Vehicle was blown upside down.

7 80 2500 10.5 11.5 26.7

Muffler & toilpipe were blown 10 £f. from
vehicle. The roll-over safety bar was
cracked in the center. All fan blades bent
bacl over water pump. Steerin; wheel bent
between the seat and dashboard. Hood was
Plowm 30 yerds from vehicle.,

y S Severe. Vehicle was blown on right side.
Left side of frame cracked over bogie
centerline. Cargo body was blown 30
yds from vehicle. Tool box blown clear
of vehicle. Right front tire flat. Ser-
vice brake line off master cylinder
broken. Not economicelly repairable.

8 S0 2500 10.5 11.5 55.5 16, F Moderste. Vehicle on right side. Both doors

l2 s0 27%0

el
Q
-4
w
w
¥ o

on cab twisted. Hood blown off. Left
front fender blown off & right front fen-
Ger badly mangled. Transmission to inter-
mediate axle & intermediate to rear axle
propeller shafis missing.

8-10, F Moderate. Vehicle rolled over once & landed

on vheels. Gas tank pushed in, in two
pleces. Both doors bent. Both sides of
cargo body bent in & tail gate twisted.
Hood blown off & missing. Rear spring
cliv bolts pulled out. Instrument vanel
blown out of dashboard. Roll-over safety
bar broken at top center with the left
half on ground slong side vehicle.

TRUCK, DUMP, 5 TON, 6 x 6, M51, (D&PS) DESERT ROCK SECTOR

2 s0 3000 7.9 1.9 7.6

TRUCK, 2-1 TON, 6 x

S0 2750 9.0 T.3 22

TRUCK, UTILITY, i TON, 4

3 S0 2000 15.0 32.0 180
ean. side
by
side

S0 20000 15.0 32.0 0.7
behind
T-rt
mound

) ~ ==-=-. Vehicle vas blown on right side. Both
sides of cab damaged. Hood was blown 20
yds from vehicle., Vehicle received severe
damage on Shot 4. Only minor additional
damage on Shot 12. If dump body were
operational before shot, probably would
have been damaged in overturn. Estimate
moderate damage to serviceable truck.

6, GMC DESERT ROCK SECTOR

3

B 0 Moderate. Truck rolled over & is upside
down. Roll-over safety bar was crushed
but effectively protected cab & steering
wheel. Will be combat usable by replace-
ment of one battery.

x &, JEEP, DESERT ROCK SEGTOR

B S Scvere, Frames bent. Vehicles dismembered,
damaged beyond repair. Some components
remained with vehicles.

o, - Light, Was displaced only slightly. Hood

blown off. No other damage.
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TABLE A.8 - DAMACE EVALUATION, SHOT 12 (Continued)

Item Poaition, P Move- Man hr Degree of Damage and Description
Distance P Pd ment repair
to GZ,ft (paZ)‘ (psi) 1t req'd.

TANK, Mi8, 90 mm, DESERT ROCK SECTOR

23 PO 2000 15.0 32.0 13 2, O Light. Gun forward. Vehicle facing ground
zero at 45°. Vehicle displaced 13 ft.
Left fender and boxes ripped off. Small
section of fender caught in bustle.
Usual glass damage to exterior lights and
vision devices, Vehicle otherwise was
sound.

24k 50 2000 15.0 32.0 11.3 2, O Light. Gun traversed 90° to right. Left
side of vehicle exposed broadside to
ground zero. Vehicle displaced approxi-
mately 12 £t, Fenders were completely
ripped off left side. A 6-to-8 ft.
section was restrained from tearing free
by turret bustle. Right side fenders
intect. Usual damage to exterior lights
& vision devices.

25 FO0 2000 15.0 32.0 5.5 2, O 1ight. Gun forward. Venhicle facing ground
zero. Venicle displaced approximately
6 £+, Rignt fender slightly bent % raised.
Left fenders 2lmost in perfect condition.
Usual glass demege to exterior lights &
vision devices.

ARMORED INFANTRY VEHICLE, M 59 DESERT ROCK SECTOR

26 RO 2000 15.0 32.0 1kl 64, F Moderate. Vehicle exposed with rear to
ground zero. Displaced 1kl £%,landing on
rignt side. Nos. 1 thru 3 left reer
wheels suffered broken hubs. Hos & & 5
left wheel suspension also need repair.
Rear left shock needs replacement. Hull
structure slightly buckled. Right engine

transmission torn off mounts & lying
in cargo body. Accessories on engine,
carburetor, etc., broken. Mounting brack-
ets are weak (engine). Left engine mounts
started to buckle and engine, although in
place, was leaning outwerds. Needs to be
re-aligred. Air cleaner battered.

155 mm SP 97, DESERT ROCK SECTOR

27 RO 2000 15.0 32.0 18 6k, F Moderate. Vehicle exposed with rear to
ground zero. Blown back approximately 48
ft, resting on its top side. Sommersaulted
about gun tube. Suspension in excellent
condition. Engine, transmission, & con-
trols sound. Gun tube not bent. Starting
attempt not possible due to spillage of
electrolyte. Left side of cab buckled
slightly at driver's location. Spade,
although uninjured, cannot be raised or
lowered properly, locks broken & bent,
cable broken.Most severe damage suffered
to sighting equipment. Telescope broken.
Traverse impossible because of broken
pinion gear. Gun will not elevate. hand-
wheel interfered with azimuth indicator.
Vehicle can probably be started and run
under own power. Repairs necessary to tra-
wverse and elevating controls, and spade
needs proper rigging. Sighting equipment
needs replacement.
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TAELE A.9 - DAMAGE EVALUATION, SHOT 13

YEY: FO front-on: £0 gide-on: F f£ield maintenance: O organizational maintenance: N none
S salvape.

Item Position, Move~ Man hir Degree of Damage znd Description
Distence P, Py ment repoir
to GZ,ft (pei) (psi) £t req'd.

TRUCK, UTILITY, } TON, b x 4, wi-II JEEP

29 80 1000 61 - 21.3 1, 0 Light. Hood blown off-vehicle blown up-
side down. Windsnield broken. Steering
vheel vent, blackout light bracket
bent, and pattery acid drained ount.
Peint scorched on left side.

11 S50 3700 6.8 2.2 26.9 1, O Llight. Vehicle blown upside down, hood
blown off, YWindshield broken. Steering
wheel pent. Slight bend in rear of
body. Radietor leaking and battery
needs replacement. Dashboard was bent
when hood tore off. Throttle and choke
linkages need adjustment. Paint scorched

TRUCK, 3/4 TON, M37, DESERT ROCK on right side.

S0 3700 6.8 2.2 29.2 5, O Moderate. Venicle upright but rolled over
once. Right front of body received
moderate damage in roll-over. Front of
freme twisted slightly. Front bumper
missing. Body dented in several places.
Top of cab assembly and hood need re-
plecement. Fan bent badly and battery
broken. Left front spring broken. Head-
lemps broken and paint scorched.

TRUCK, % TOK, 4 x 4, JEEP
35 S0 3300 8.6 7.5 32.9 T F  Moderate., Vehicle blown upside down. Ve-
hicle was demaged on previous shot.
Frame twisted slightly and left side of
body bent badly, possibly from prior ex-
posure. Hood missing. Brush guard bernt.
Radiator leaking & bettery needs replace-
ment. Steering wheel & column bent.
Instruments need repair because of bent
cowl & panel. Paint scorched.

TRUCK, 2-3 TON, MC

FO 3000 9.5 11.3 11.7 ' 0 Moderate. Vehicle remsined upright. Sides
of cargo body bent. Frame for canvas
over cargo bent & upper cab assembly
bent badly. Hood missing. Radiator dam-
aged & requires replacement. Headlamps
need replacement. Vehicle operated for
1/4 mile after shot.

TRUCK, £ TON, b x 4, JEEP

33 SO 3000 9.5 11.3 143 20, D Severe. Vehicle blown upside down. Slight
twist in frame. Left side of body &
right front fender btent badly. Fuel
tank, radiator & battery require re-
placement. Front drive shift & front
axle broken. Rear axle twisted. Left
rear & right front springs & shock ab-
sorbers broken. All wheels bent, Head-
lights broken. Steering wheel & column
bent. Instruments need further check out.

36 FO 3000 9.5 11.3 20.5 b, 0 Moderate., Vehicle remained right side
up. left front fender & brush guard
bent. Radiator punctured. Headlights
broken. Paint & upholstery acorched.
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TABLE A.9 - DAMAGE EVALUATION, SHOT 13 (Continued)

Item Position, Move- Man hr Degree of Damage and Description
Distance P, P4 ment repalr
to GZ,ft (psi) (psi) £t req'd.

TRUCK, 3/4 TON, M 37, DESERT ROCK

SO 3000 9.5 11.3 98 12, F Moderste. Vehicle resting on left side.
Top part of cab assembly bent badly.
Right front fender needs repair. Rad-
iator crushed & unserviceable, Carbur-
etor base broken. Steering wheel %
column need replacement., Headlights
broken. Wiring needs repair.

TANK, M 24, DESERT ROCK

FO 3000 9.5 11.3 1.0 1, O Light. Vehicle in good condition, Hull,
turret, gun mantlet & fenders intact.
Minor repairs to vehicle required.

FO 1700 15.0 30.0 150 56, F Mo>derate. Hull left & right suspension
intact except for No. 1 shock absorber
on right side whose upper mounting
bracket sheared its 3 belts. Engine &
engine compartment, grills, etc., in
good condition. Fendersg ripped and bent
on right side. Turret blown off com-
pletely, shearing all ring bolts. Gun &
mantlet torn free of turret, trunnion
caps pulling free of turret displaced
several hundred feet beyond tank hull,
Complete turret replacement necessary.
Shell of tank salvageable. Transverse
& elevating mechanism, azimuth indica-
tor, trunnion re .uire replacement as
well as hatches & vision prisms. Turret
shell not bent or injured.

TANK, M 48, 90 mm (D&PS)

23 PO 2050 1l.5 25.5 130 81, F Moderste. Rolled over 1-} times. Left
3/4 track blown 150 ft. rearward. Left
left front compensating idler was thrown

500 ft in same direction. Right track
broken. No. 1 right road-wheel was
half wrapped around the hull. Right
front shock absorber broken. Left fen-
der was blown clear of the vehicle &
right fender bent upwsrd restricting
turret rotation. Engine could not be
started because of split battery elec-
trolyte. Elevation hand p end was
blown off & gun remained l-3 inches out
of battery. Cupola lock was broken &
the loader's hatch balance springs were
missing. The gun remained out of battery
because of dust in recoil mechanism
caused by hitting the depression stop.

2k 180 2050 11.5 25.5 62 48, F Moderate. Trnk resting on right side. Right
Gun suspension was intact but the left track
over was broken & hanging on the front sus-
left. pension components. Left final drive &
side compensating idler were leaking oil.
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TABLE A.9 - DAMAGE EVALUATION, SHOT 13 (Continued)

Item Position, Move- Man hr Degree of Damage and Description
Distence Py Py ment repair
to 6Z,ft (psi) (psi) £t req'd.

TANK, M48, 90 mm (D&PS) (Continued)

The left fenders were torn free & had
wrapped around the gun tube at the mant-
let. The right fenders were intact.
Right rear No. 2 transmission grille, &
Nos. 3 & U4 right engine grilles were
blown off. After uprighting the engine
was started. All exterior opticel de-
vices were badly damaged. Gun could be
elevated & traversed manually. Driver's
hatch was blown off & cupola hatch
blown open & sprung. Engine compartment
door had loosened & was interfering with
turret operation.

25 PO 205 1.5 25.5 23 20, [¢] Light to Moderate. Both rear fenders were
blown upward & the forward fenders bept
downward. Track, suspension, engine &
power train components in excellent con-
éition. Vehicle was started & driven
off. Exterior optical devices were
geverely dameged. The cupola hatch hinges
were sprung, the hatch having opened &
the handle pulled out. Engine bulkhead
was blown into the crew compartment.

155 mm GUN, SP, T-97 (D&PS)
27T FO 2050 11.5 25.5 31.5 2, 0 Light. Five foot front section of both
front fenders were ripped & folded back.
Driver's door was blown free, it vas

not locked prior to test. Minor damage
to overall vehicle.
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Appendix B

TEST of COMBAT and TRANSPORT
VEHICLES in OPERATION TEAPOT

This Appendix is composed of two parts; the first part concerns the
exposure of combat vehicles; such as, tanks and the second vpart concerns
the exposure of transport vehicles; such as, trucks. Two separate re-
ports (References 8, 9) have been written by Develooment and Proof
Services {D&PS) of Aberdeen Proving Ground on the vehicle exposures in
Operation TEAPOT. For further details about “he test of the vehicles
reference should be made to the above reports (References 8, 9).

The purpose of this Appendix is to desecribe the principal results
and conclusions of these two reports. The information will complement
the results of Project 3.1 and make available in this report the results
of the complete program of eguipment exposure.

B.1 TEST OF COMBAT VEHICLES

B.1.1 Objectives

To evaluate the wvulnerability of current production combat
vehicles to nuclear weapons and to obtain design dsata to minimize com-
bat vehicles damage.

B.l.2 Procedure

A test plan for the "Teapot" series reguired placing of
vehicles in successive shots at increasing increments of 5 psi predic-
ted static overpressures. Ranges to achieve these 5 psi steps were
varied, depending on the anticipated yield of the shots. Since the
primary objective was to assess the design of vulnerable weak compon-
ents, the limiting condition for participation was to be the point of
vehicle upset. Heat flash, radiation and blast effects on the test
vehicles were evaluated. The initial exposure for the Shot & was
planned at 10 psi for tanks and at 20 psi for the M59 and TO7. since
the latter two vehicles were exposed to an earlier shot, Shot 1, at 1k
psi. The reported pressure levels must be interpreted with caution
since the blast gages were not in or on the vehicles; values presented
are computed from blast gages placed in the vicinity of the vehicle
test locations. ZErratic radial blast psttems were observed on several
shots, with varismces in the extert of dsmage sustained by vehicles
within the same shot.

Initial plens were to expose the armored vehicles on only
the "hard" (high yield) shots, however, the AIV-M53 and SP T97 were
exposed on Shot 1 as well as M48 tank on the Shot 5. A1l but the Shot
1 were tower shots.
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4 photographic record of vehicle conditions before and after
each shot was obtained. Supplementing the still photographs is a doc-
umentary motion picture film, available from the Ballistic Research
Laboratories, Aberdeen Proving Ground, Md.

Detailed examinations were conducted after each exposure,
including a functional operation of the sighting components, turret
controls and automotive components. An estimate of the type of main-
tenance and labor time reguired were made for each damaged vehicle.

A final evaluation and functional check was performed on the three
MU8 tanks at the Yuma Test Station, Arizona, after the termination of
testing at Camp Mercury, Nevada.

Depending on the extent of vehicular damege, the original
plan was modified to derive the maximum test data possible from the
"Teapot" series. ter in the series, tank turret attitudes and
vehicle positions were changed.

B.1.3 Results

The weapons observed were cheracterized by a burst of
energy whose effect or material was evidenced as heat, blast or radia-
tion damege. After study of earlier nuclear tests, it was decided to
remove the canvas gun mantlet covers, to prevent combustion. Some
canvas items were left on the vehicles to confirm that the canvas would
be charred by the heat flash: however, no sustained fires occurred to
other combustibles. No gasoline, rubber, or oil fires were observed
during the tests, even though a number of vehicles turned over. Com-
bustibles inside the tank were protected by the turret armor. Blacken-
ing, discoloring, or scorching of paint to some extent usually occurred
on each shot.

Blast demage mey be divided into exterior damage prior to
roll over, and finally ‘o a combination of blast and roll-over damage.
Periscopes, telescope, range finder end windows, pioneer tools, driving
lights (glasswere), and sheet metal damaege predominate before blast
energy is great enough to turn over the vehicle. Secondary dameage
occurred to optical parts due to sand and missisles picked up by the
shock wave. In instances where shock was great enough to roll over the
vehicle, structural demage and secondery interior damage was observed.
At approximately 36 psi dynamic pressure, tanks Were turned over, and
their tracks and suspension compmeaitEwere blown off. The shock front
caused little interior damage to the tanks since two of the three tanks
completed a check out firing test at Yuma after the "Teapot" series.

A1l three tank engines and transmissions were successfully operated.
This was not the case, with the more lightly armored M59 and TO7.

The shock wave generally produced displacement of the ve-
hicle depending upon the orientation, range and yield of the device. For
example, in the range of 10-15 psi, overpressure is an unreliable demage
index since an Mi8 tank may be displaced from 20 tolhO feet depending on
original orientation. The dynamic pressure is a better criteria. Damage
was light until the dynamic pressure exceeded approximately 30 psi

Each engineer observer estimated the maintenance time re-
quired to return the damaged vehicle to combat use. A correlation of
static pressure with man-hours rejuired could not be determined. From
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7.5 to 15 psi overpressure required approximately from zero to 80 man-
hours repair work (with ordinary mechanics hand tools). Overpressure
does not give gufficient basis to estimate damage, dynamic pressure is
a more realistic index of damage. Caution is recommended in interpre-
ting damage maintenance due to the small sampling of vehicle orienta-
tion.

To permit a fipal complete firing and automotive evalua-
tion, the five test vehicles were shipped to Yuma Test Station. Here
the tanks were carefully checked for missing or damaged items, (replace-
ment items included range finder end boxes, periscope parts and storage
bvatteries). The AIV M59 and SP T97 did not warrant further investiga-
tion, The main guns of two tanks were fired, cbtaining average 15-round
dispersions of .11 mils and .09 mils probable errors with APC MB2. Power
packages control systems and sighting components were satisfactorily
operated. On one tank the gun was unsafe to fire sgince it hung out of
battery due to the dent in the recoil mechanism. The main engine of
one tank had a hydrostatic lock in No. 6 cylinder and tadly fouled
spark plugs. Two 90 mm guns had rotated in their mounts 5.5° CW and 4°
CW. This rotation caused misalignment of the firing linkage. One tank
with undamaged suspension was operated 12 miles. All tanks were checked
for engine and transmission operation in low, high and steer conditions.
Renge finder collimation was satisfactorily checked on two tanks after
replacement of the end boxes. On two tanks the commander’'s hatches
were sprung. One turret bDearing was disassembled and found to be sat-
isfactory. Turret hold down bolt torgues did not change significantly
during the "TEAPOT" series. Other damage sustained by the three tanks
was of a minor neture.

B.1.4 Conclusions

Dangerous interior radiation levels (450 R) were experienced
at a grester range (approximately 3200') from ground zero than that
where roll over or extensive blast damage was experi enced (approximately
2050 feet) by the Mi8 tanks. Lethal dosages occurred in the crew com-
partment of the AIV M59 and SP T97 at even greater ranges.

Orientation of the tank armor affects attenuation (front
11% to side 18% on Shot 13).

Radiation measurements inside the armored vehicles is
apparently omnidirectional (as concluded from film badge measurements).

Exterior blast damege was not extensive until dynamic
pressure exceeded 30-35 psi.

The M48 tanks had exceptional ability to withstand shock up
to the point of roll over damage.

No major residual sources of radiation exist inside of the
armored vehicles and the interior levels drop immediately on movement
to an uncontaminated area.

lightly srmored high silhouette vehicles are more suscepti-
ble to structural damage. Both AIV M59 and SP T9T7 were badly damaged,
during the "TEAPOT" series.

Types of vehicle components which were affected by the
"TEAPOT" series are as follows:
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1. Twznks MiB

a., Exterior optical glass surfaces sooted or erroded
at most rznges and damaged at shorter ranges,

. Cupola end driver s hatches opened, or sprung at
high dynamic pressures.

¢. Spillage of gasoline, oil, and electrolyte occurred
winen vehicles were turned over.

d. Tne guns of two tanks rotated (4° to 5.5°) due to
releasing of the breech ring torjyue key in the slide of the breech
guard,

e. Depression stop location dented the recoil system
and caused one gun to rewain out of battery.

f. The engine compartment doors and fastenings failed
at approximately 30 psi dynamic pressure.

2. Armored Infantry Vehicle M59
a. The engine access panels were blown into the engine
compartment at approzimately 14.0 psi static overpressure.
b. Coolant leakage occurred due to loosening of hose

clanmps.

c. Cargo compartment doors bent inward at 14.0 psi
static overpressure.

d. The engine and transmission mounts were deformed
at 30 psi dynamic pressure.

3. BSelf-Propelled T97
a. The nigh silhouette apparently caused this vehicle
to be susceptible to overturning.
b. The spade as well ag other exterior components were

vulneraovie,

B.1.5 Recommendations

Since the vehicle crews are more vulnerable to radiation
than toe armored structures, design improvements must be carefully
evaluated relative to the need for recovery and future use of combat
vehicles,

Additional study be made of radiation effects on armored
vehicles to include (1) interior effects on vehicles when crossing
radioactive terrain (2) more accurate radiation measurement techniques
and (3) field expedient methods of protecting the tanks and tank
components.

The effects of nuclear weapons be included as a major
design consideration in Ordnance Committee action on all new armored
vehicle designs.

Design weakness observed during the "TEAPOT" series be
considered for correction during the product improvement period, and
when new vehicle designs are undertaken.

Resupply of vulnerable parts (exterior stowage, lights,
periscopes, etc.) be studied by the appropriate agencies.
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B.2 TEST OF TRANSPORT VEHICLES

B.2.1 Ovjectives

To familiarize Ordnance Corps design and test agencies with
nuclear explosive concepts; to develop engineering data for improving
the design of vehicles to meet conditions imposed; and to evaluate
experimental modifications designed to correct previously discovered
wesknesgses. ‘

B.2.2 Procedure

Various wvehicles were exposed at distances from ground-zerc
dependent upon expected blast pressure where vehicle damage was expected
to ve light, moderate, and severe. The vehicles were also exposed in
various orientations aich as front-on, side-on, ete. After exposure,
the damage to the vehicles was evaluated. Military Ordnance maintenance
personnel from a 6th Army Ordnance unit at Camp Desert Rock assisted in
recovery, reconditioning, repairing, modifying or salvaging wnenever
necessary.

B.2.3 Results

A summary of the results of the tests is shown in Table
B.1.

B.2.4 Ovservations

Residual radiation from exposed transport venicles was no
greater than the genersl background radiation in the area where the
vehicle was located. That is, when an area was declared safe for per-
sonnel to enter without exposure to excess radiation, it was safe also
to enter vehicles, start them,drive them, etc.

There are specific areas and components of transport vehic-
leg that can be better designed to withstand blast.

a. General

(1) 1large pieces of sheet metal that are not essential
to the vehicles function, i.e. engine hoods, shoudd be fastened so that
when they are subjected to significant pressure difference, an auto-
matic release should occur which will prevent damage to adjacent sheet
metal or components.

(2) Radiators sre very vulnerable to flying debris. A
properly designed maze or screen would help reduce damage to this essen-
tial part. Possibly placing vehicles with front bumper to front bumper
would minimize radiator damage.

(3) Rigid structures built in or attached near the
center of gravity could act as roll-over bars and help minimize cab and
body damage.

(4) Battery caps, oil caps, and fuel tank caps designed
to be leakproof when the vehicle is upset would have resulted in many
more vehicles being immediately operable after up-righting.

(5) Generally the batteries of the 2-3 ton Reo and

96

SECRET



&g €e g1 £y €ET
pesodxg SITOTUSA TTV IO TBIOL
2 9T oT g1 89 Te30%
o2 G 1 9 43 A
q € o] 0 L 6
0 1 £ 9 ot 8
0 L 9 9 61 9
SITOTYaA THd
ST LT 8 gz g9 T1e30%
L 6 2 0 gt AN
9 Y T € 7T 1
4 f S 0 1T 4
0 o] o} 2e 22 T
SOTOTURA S d % Q
aTgexteday s3Ied PUR STOOL aTqexadp aq o3 atqexad) pasodxy
ATTsoTIOUCON gy sxtedsy sxTeday pratd JIOUTW AT93vTpoumm] E3TOTUSA JO ous
JON PasN Ja3qmmy axTnhay I3qumN X3 qumi] o qumN

STINSOIXE TIDIHEA JO SITASTH J0 XHVWANS TVOTHHWNN - 1°d JTdVL

97
SECRET



5-ton trucks were not damaged as extensively as those on the 2-% ton
GMC under similar conditions due apparently to the better protection
afforded by the battery location.

(6) Fasteners for the front end of dump bodies to
rigidly lock the body to the truck frame would help minimize some of
the extensive damage to dump trucks.

(7) Sandbags on both the ground-zero side and the
opposite side of a vehicle resulted in a considerably damaged vehicle
as compared with a practically undamaged vehicle when placed on the
side away from ground-zero of a seven-foot mount of earth.

(8) Entrenchment of a vehicle below the ground surface
resulted in & minimum of vehicle damage in the one test conducted.

(9) FEngine and transmiscion mounts should not separate
and fail due to rubber bearings.

(10) Major components should be attached to the frame
separately and on independent mounts so that large heavy areas are less
vulnerable to drag forces. This could eliminate large casting breakage
such as bell housings, transmission cases, and attendant bending of
shafts.

b. Specific

(1) Trucks, & Ton, 4 x L

(a) The attachment of the constant velocity drive
joint housing to the front axle housing and brake backing plate should
be investigated because in & large number of cases that could otherwise
have been rated as light damaege: this failure caused the vehicle to fall
into the classification of moderate damage.

(b) Carburetors were prone to snap off at their
base: this was often the only damage that preventéd the vehicle from
being driven away.

(¢) Although most of the damaged steering gear
shafts and posts of overturned vehicles could be bent back straight
enough for limited vehicle operation, a redesign of the steering column
or its physical location, or provision of adequate protection could
lessen the damage and hasten the recovery of vehicles.

(2) Truck, 3/4 ton, 4 x 4 - As only one vehicle of
this type was exposed, insufficient data was obtained to justify any
conclusions.

(3) Truck, 2 £ Ton Reo - The square design of the
fenders as used on the Reo and the 5-ton truck did not withstand blast
as well as the rounded fenders as used on the GMC truck. A frecuent
failure on this vehicle and the 5-ton was the striking of the inter-
mediate~to-rear axle drive shaft on the bogie cross bar, causing the
shaft to bend or break at the universal joint. This could possibly be
corrected with increased clearance by increasing curvature in the
crossbar.

(%) Truck, 2 & ton GMC ~ Frequent damage occured be-
cause of separation of the constant velocity drive joint housing from
the front axle housing.

(5) Truck, 5-ton, 6 x 6 - Fracturing of the clutch
bell housings indicates an inherent weakness in the housing or an
improperly mounted engine clutch transmission assembly.
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B.2.5 Conclusiong

Military wheeled transport vehicles can be designed to
better withstand nuclear explosions.

Components and mountings that have proven to be especially
susceptible to damage by blast should be redesigned and strengthened.

Large sheet metal areas such as hoods, dump bodies, etc.,
should be designed so that damage is not transmitted to adjacent areas.

Screens, mazes, or protective locations are required for
vulnerable parts such as radiators, batteries, etc. to afford some
protection against flying debris and blast damage.

Roll-over bars aid in controlling cab and body damages.

Presently designed battery caps, oil caps, and fuel tank caps
do not prevent loss of the various liguids when a vehicle is upset,

A mound of earth on the blast side of a vehicle and entrench-
ment of the entire vehicle minimized blast damage; sandbags on both
sides of a vehicle did not mainly because sandbags barricades are
toppled by the blast. This implies that for maximum defensive protec-
tion the vehicle should be dug in.

Be2.6 Recormendations

Design studies followed by practical gpplication, testing
and evaluation be made on all types of wheeled transport vehicles to
determine the most expeditious means of minimizing blast damage on
present standard and future design vehicles.

large areas of sheet metal or glass that are not essential
for the operation or use of a vehicle be attached so that when subjected
to drag wind loads they immediately release without damaging the adja-
cent part to which they are fastened (for example: hoods, windshield
glass, battery, compartment doors, etc).

Dump bodies be provided with lock-down devices to prevent
them from rising and tearing loose from the frame.

Roll-over bars, or provision for ready installation, be
incorporated into the design of all vehicles.

Screens, mazes, or protective locations be designed for
vulnerable parts such as radiators and batteries to afford protection
against wind drag forces and particularly against flying debris.

Engine and transmission mounts be designed to prevent
separation and failure due to shearing of rubber.

Battery caps, oil caps, and fuel tank caps be designed to
prevent loss of liquid when component is lying on its side or upside
down.

Major components be attached to the frame separately and
on independent mountings so that large heavy areas are not so vulnera-
ble to drag forces. This could eliminate the breakage of large
castings such as bell housings, which generally bring on a series of
casualties such as bent clutch pilot shafts, broken transmission cases,
etc.

Further investigate means of vehicle protection by grouping,
sandbagging, entrenchment, ete.
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Appendix C
SHIELDING STUDIES of ARMORED VEHICLES

The information given in this Appendix has been extracted from
the report written by Project 2.7 who conducted the shielding studies
in Operation Teapot. The consolidation of this information with blast
effects on armored vehicles provides accessible data in one report on
the vulnerability of armored vehicles to nuclear weapons.

The shielding studies included only the measurement of gamma radi-
ation inside and outside the vehicles. For details of the instrumenta-
tion and operation, reference should be made to the report written by
Project 2.7 (Reference 10).

C.1 ARMORED VEHICLES - SHOT 1, 4, 5, 8 and 12

C.1.1 Personnel Carrier, ATV-M59

An ATV-M59 Personnel Carrier was instrumented with NBS-ESL
gamma film badges at the eight crew positions. Instrumentation was
placed on three mutually perpendicular directions at each of the eight
positions at Shot 1. The results of this type orientation study at
Shot 1 revealed that due to either the non-directional character of the
film vadge, and/or, the fact that the radiation inside the vehicle was
isotropic, no significant directional effects could be discerned. Con-
sequently, no further instrumentation of this type was carried out on
subse.uent shots. Instead, one film badge was placed at each of the
eight positions for Shots 4, 5, 8, and 12. See Figure C.1 for film
badge locations.

In addition, dose rate measurements were taken inside and
outside the vehicle while in the residual field to determine the
attenuation offered against residual contamination.

C.1.2 Self-Propelled 155-mm Gun, T97

A self-propelled 155-mm Gun, T97 was instrumented with NBS-
ESL gamma film badges at the six crew positions. The gun instrumented
with film badges oriented in three mutually perpendicular directions on
Shot 1. The results of this work indicated that further orientation
studies were unnecessary. The gun was thus instrumented and tested at
Shots 4, 8 and 12 with only one film badge in each position, and in
addition attenuation measurements were made for residual field radia-
tion. The film badge locations in the T9T7 are shown in Figure C.2.

C.1.3 Tenk, 90-mm CGun, M48

Three M8 tanks were instrumented with NBX-ESL film badges.
Badges were placed first in three mutually perpendicular directions for
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Shot 1. 1In tne subisequent tests only one was placed at each of the
four crew positions. Also measurements were taken for residual radia-
tion. M48 tanks were instrumented at Shots 4, 5, & and 12. See Fig.
C.3 for film badge locations.

C.2 SHIELDING AFFORDED BY ARMORED VEHICLES

C.2.1 1Initial Gamma Shielding

Comparison of film badge readings outside the vehicle and
at the various positions inside gives the attenuation characteristics
of the venicle to initial radiation. Due to the different orientations
of the vehicle with respect to ground zero, the various tower heights,
and other factors not possible to control in this type of a field ex-
periment, it is to be expected that attenuation would vary within the
vehicle as well as from test to test. However, the measurements ex-
hibit good agreement and are tabulated for the various vehicles in
Table C.1 through C.4. The shielding properties were expressed in
terms of the'@Attenuation Factor", defined as the interior measured
dose divided by that incident, or eguivalently, the fraction of inci-
dent dose which penetrates into the wvehicles. This information is
shown in Tables C.5 through C.7. The -uantity most useful as a practi-
cal field variable is the attenuation factor for each vehicle averaged
over all positions within the vehicle and all tests. These are given
in Table C.8.

Vehicles were not instrumented for neutron shielding, and
no attempt was made to correct for possible neutron blackening of the
film. This latter effect is believed to be small in all cases.

C.2.2 Residual Gamma Shielding

Shielding characteristics of these vehicles against the
residual radiation from fallout will differ from that observed against
the initial radiation due to the different source geometry and lower
characteristics energy of the radiation. To measure this effect, read-
ings were taken with T1B Radiac Instruments while the vehicles were still
in the residual field. The average dose rate at three feet above the
ground in the vicinity of the vehicle was compared with the average
reading inside. The data and corresponding attenuation factors are
listed in Tables C.9 through C.1ll. The overall averages are given in
Table C.12. A radiation decay curve for Shot 12 is shown in Fig. C.k.

C.3 SHIELDING AFFORDED BY ARMORED VEHICLES AGATNST ATR BURST ATOMIC
WEAPONS

C.3.1 Initial Gamma Radiation

Comparing the shielding characteristics of the tank, 90 mm
gun, Mi8: the personnel carrier AIV-M59: and, the self-propelled
155 mm gun, T97, against initial gamma radiation it is seen that the
M48 tank gave the lowest attenuation factor by a large margin over the
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Fig. C.3 Tank, 90 mm Gun, Mi8
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Fig. C.4 Typical Radiation Decay Characteristics, Shot 12, for Mi8
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other two vehicleg tested against air burst atomic weapons. Comparing
the orientations positions of the M4 tank for different shots it is
evident th~t fthe head-on position resulted in effecting the lowest
attenuation factor (greatest protection). The head-on attenuation
factor for Shot U is about one-half that for Shot 12. It is believed
thot the gamms rays from Shot 4 on the 500 foot tower had to travel a
greater thickness of steel plate than the comperable rays from Shot

12 on a 400 foot tower wiih a smaller angle of incidence. Inslde the
M48 tank (at all the tests) the commander's and loader's positions are
found to be less protected than the positions of the drivers and gunner.
This is true even for different orientations of the MUB tank.

The personnel carrier, AIV-M59, gave a lower attenuation
factor (greater protection) in the rear-on position with respect to
mroand zero. In the nead-on position the carrier gives approximately
33% less protection than in the rear-on position. In Shot 1 with the
carrier pointed 2z~ to the right of the burst, the attenuztion factor
is found to be preater than in the head-on position in-as-much as some
of the gamme rays are gaining entrance througn the side nearest to
ground zero. Of the three armored vehicles tested egainst initial
gamm.: radiation, the carrier, AIV-MS59 afforded the least protection.

The commander s and driver s positions receive 15-20% more gamma radia-
tion than tne corresponding doses at the infantry msn positions within
the ATV-M59.

The snielding characteri stics of the Self-Propelled 155 mm
Gun, T97. against initial gamma radiation are only slightly better than
the personnel carrier, AIV-M59. However, the average shielding provided
is only one sixtn that provided by the Tank, 90 mm, M48. In regard to
the rear-on position ihe doses at each seat are approximately the same.
However, in the head-on positions the commander s, driver's and gunner's
positions have approximetely 50% less shielding than that afforded the
crew positions 1, 2, and 3. As shown in Shot 1 where the T97 was
pointing 22° to the rignt of the burst and the nearest side was oblique-
ly exposed to the initial radiation, the driver's position offers the
least protection. Crew positions 1 and 2 afforded the most protection.
The shielding provided the gunner, commander, and crew 3 positions is
found to be slightly greater than the vulnerable driver's position.

C.3.2 Residual Gamma Radiation

Since the gamma energy of fallout is less than the average
energy of the initial gamma radiations, the armored vehicles should
afford greater protection against ground contaminant (residual gamma
radiation) resulting from an air burst atomic weapon. This is found to
be the case for the personnel carrier, AIV-M59 and the self-propelled
155 mm gun, T97. However, for the tank, 90 mm, M48 the shielding
values are against residual gamma and initial gamma are approximately
‘dentical. The M8 tank affords the greatest protection of all the
srmored vehicles with time and with shots. In Shot I the attenustion
factor was found to decrease asymptotically with time from H + 4 hrs
to H + 5% hrs. In Shot 12 the factor is found to decrease slightly
in Tank 23%; increase slightly in Tank 2h; and decrease, then increase,
thus displaying a minimum in Tank 25. For some unexplained reason the
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whton s ion fuetors ‘o Shot 4 snd Shot b ure foond to be only 20% o
T oA the stionnntion foetors for Shot 7 oand Shot 2. This soomaly
oy W ewplained by the high rodislion rstes o Shot 4 and Shot b, I
uppnu 5 that the atbenast on foactors obtodred for the MUE tonko are
cevgy Aependendt.  However, the 1w stbberostion factors in Shot 4 and
Sho* Y wan uloy be evpiasined by the fuct thatl, .eps sirborne radicaciive
o tuminant might have enteved the tonks wod o3ped on ite ioner sur-

TABLE C.8
Attenuation Factor Ageinst
Yehicle Type Initial). Gomma Radiztion

Persornel Carrier ATV-M59 0.7

felf-Propelled 155-mm Cun, TI7 0.6

Tank, 90 mm, M4B 0.1
Tueer,  Such o pheromens would meke the cpperent foctors larger than
the 4ube factore.

The stienuet’ on factor {ur the TY7 wes found o be 20%
o W lﬂr in Shot 4 thes Ir either Shot & or 2. This cos.d be caused
zleo by more eonteminant dust erier ng the TY7 la Shets @ and 2. The
average astteniation facitor for the TI7 1z signlflicantly lzss than “he
persomnel csrrier, AIV-MSY, twi iz four times the factr for the MUE
torks., The ettenvsilon factors Tor the TY7 ere not go time deperdent
-

s for the MBS taunks.
The emount o0 shielding providzd by the

ol

hel

ATV-MEZ iz the .east of all the zrmored vehlicles tested against re-
sid.al radistion., In Shot 4 i1 is found that the abien.ation factor
decreases asymptotically vwith time from H + 4 hours to + 81 hourz.
In Shot 12 the factor for the AIV-M59 firszt lncreazsed and then de-
creased after reaching & weximum value The averages Tor the two shois
found to be approximstely the seme aLuhOng at any particulazr time the
factor for Shot 12 is usuelly greater. Variati ns in the f"ctors for

" and

v
4 fferent shots could be zecounted for by varis
"plow-out"” (radioactive dust) that at first se
vehlcle end then is redispersed.

C.t  CONCLUSIONS
The tank, 90 mm Gun, MiE, afforded the greatest shielding

against both initial and residual radiation of all the armored vehicles

2. The average attenuation factor against initial gamma radiation
for vehicles head-on 10 an atomic burst were 0.1, 0.6, and 0.7 for the
M8 tank, the T97, 155 mm, self-propelled gun, and the Personnel
Carrier, AIV-M59.
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Z

5. The greatest amount of protection was obtained against residual
gamma radiation with the MW tank in the head-on position and the T-97
and the AIV-M59 in the rear-on position; the attenualion decreasing for
vehicles in other orientations to the burst.

4, The average attenuation factors against residual gamma radia-
tion were 0.1, 0.4, and 0.6 for the tank, 90 mm Gun, M48, the self-

propelled, 155 mm gun, T97, and the Personnel Carrier AIV-M59, res-
pectively.

C.5 RECOMMENDATIONS

In future shielding studies of armored vehicles measurements of
neutron flux radiation should also be taken. These measurements
should include the overall energy spectra of neutron radiation. Fur-
thermore, along with the exposure of tanks it is recommended that
"boxes" constructed of similar material as the tanks and other material
be also exposed for the purpose of shielding studies. The exposure of
"boxes" may obviate the necessity of continuously exposing tanks in
future tests.
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Appendix D

PHOTOGRAPHY

115

SECRET



Lo LT e e S elovedivaw foce S S \ L ‘ I
o N { 4 drad PP Y EERECIN B IR ATy, -~

*8h8I] @ L0Jad o YA ST 9483, ALOY»d ‘HTITNSL AT CLTa T IS0 pUNOIY
o oa AT * . 3 H k- v
.Tvmh.‘,&wrFa,».c‘:cm:.fgm,._i:

- ”

Ceonar - vy Ay Irq £qagut 1ano-1Tod .0 YETR ‘uol TOt¥OnLL - T B4

116
SECRET



7 qoug ‘anoke] PTATL 10Usald - @'d 'HIL T 10U ‘057, PUNOIL
woxy 13 FT6 CTHW onxl dmng uon-¢ o3 sAEmEQ - /0 (214

T 30U8 ‘YW ATV ‘STAUB O ATwm] roTIhMv - 0] S

JAL WG T Cure co.rrade od 3Tac o g cTTg

117
SECRET



ThOpOUL ALY 010
PUNOID WOLF 33 Outy ‘led, ‘unyd pafledoly-J1og

orta

.

214

fOUSY, puana;, vl

JIaA0-TTOY £q qB8) P

[y . -

fasai "

Cionay, -

f q0ug

it

q "B1d

xeg K123I8S
PIOIJY 8BA TWOT10310X3 ‘2 10US

I93J¥ OX27 PUNOIN WOXY 3 (02T ‘GETW ‘Uol § 2 “onay - 6°d 'F1d

118
SECRET



FOdEY, peaol L i B CoN

PR

Pl coniy
=~ ol
rh. JY_w A

. d— } =

Jeg Lq93es
IaA0-TTOY L0 qvl PapLo}JV $BAM TOV[3227714 "7 10UG

IsqIY OIO7 PUNOI) WOIF 3F fwi*l ‘GrTm ‘Yol § o ‘¥orag - 6°d *Frd

NS SIS A P Re

PUAOIY WOL§ 3k Uaby ‘otd Su0D p3Tisd01d- 3193 o0Q (Il

118
SECRET



5 s e, e me e e .- ' o .
Coxay PURL Ll UL L TS 4 Lun

.

197 puno.n TOIF 33 008T *0137 PUACIS L043 3 O0RT ‘uo-apIs
mxam««:o&wm?ﬁ..a.mﬂm

o
‘9 qoe fseajing 1T $3 g0y ‘eowyTug 1a3sag uo despr-cTq *8TJ

e -

119
SECRET



J3LTM A#J‘_,,.,/A.: T

i ST PIOL T (DTS PL]
fsdanp Trg JO quamatuarrv proclr ot

- T

Ry

e

kB

£ T 0137
pUnOIn TEWMNY MoAF 43 zior fdaae - grea cuTg fox97 ounmoIn T ANy TUATT Y L/

120
SECRET



S Ay
7ol t8d

*>T 3047 founz punoas woxy
33 2000 teTe S sees fslesp ssayr - zeta g

s >
m.-» mrf = .m.rn. R-r.ﬂﬁ.
Ly

.ﬂ/lh&.};‘?

s »uL,ﬂ.

LT SRFTIPTERL RPN 01D ST/ ¢ TR S}
Spuno g P ey dov .

3
mogo qoss L - £ C3T4

*outr 1 1TRydsy (3o4said) ZT 904S
g 3o quamsdusiry TeotdLy - 1z°q *3ta

121

SECRET




-»T 304g f0I37 pmoan woIF 33 000¢ "oz puNoTy UOLY 3F 0907 ‘21 1018
¢s3ag pueg DUTIN PedETd 1odp Jo supwmey - 8370 “IN4 1593V PUNOW 3ITQ PUTUYeq ‘uor ¥ “urap - Lzt ‘2T

Ir /hm‘W.l ) t\‘.n.
- , R
- : sl
. ~byi -+

*oxo7 punoan woldg 3¥ 0007 ‘2T 1043 *2T 20Us 1233V oumN.@cﬂ.ﬁo,Ho
I53IY DUNOW 2ITq putyag ‘uol ¥ ypenil -9z°q *3td woxy 33 000z ‘L6l ‘uny parradord-Jras - 6271 314

122
SECRET



T 40US I93JY¥ PUTT 3I053Q

AT [ - o
S Ty L A ey fora7 punorn woly 3 0gze ‘uo-apts ‘dosr - TETQ *3TL

¢azay punozn WoIj 33 Q00 ‘uo-apre ‘dear - '@ TATJ

123

ZT 30YS 933V BUTT 3I988Q > qo4g ‘018z punorn woxy 4J 06Lz ‘UOTI0d%01d

foJa7 PIMOID WAII A3 ))0Z ‘uo-aptt ‘dee> - of'q *ITg I X9A0-TTOY Jutmoyg ‘uol k ‘yonay - 6z°1 *3td

-

TRALITNCIINTC T & m A ey mEary
. e aa

SECRET



R

o0y fue-

7
]

)
o>

w

“q

v faury rTeqdsy
fdas> ~ vt g

$qreqisy Mutuang Aq JJo pouing
Kyopadmen 51w 8oL *T 30Ye 294Jy¥ ‘eutT arTeydsy
folay prnwLT MoLy 4¥ JG¥r ‘uo-dpra deap - ¢Ltg tBTg

*Z[ 10YS ID3JY ‘SUTT 4I353Q
foxaz PUROIY) WOIT 3F 0NOE ‘uo-eovg ‘dear - ¢g°q 814

124

SECRET



. *IT AOME J29FY FOUTT 03y *>T q04g I31JY ‘OUTT I31EM
0137 DUNOID WAIF I JSLY ‘uo-adey ‘daap - QY¥*q *ITJ ‘oaay punoln WoIy 1J 00%¢ ‘ug-avsg ‘denp - 6£°C 3t

B

125

*>T A0UR TAAIY FAuIT 123N *> q0Ug I99JV ‘out] q7eydsy
foxa7 TUNOIN WOII 33 QN0y ‘uo—aavy fdasr - At tPud foua7 pUNOIY) WOII 3J 200¢ fuo-sovg ‘deap ~erq *8ta

SECRET



Yoy - e a0 1e PRLINLTEAD CST MORT LLNTY ¥ 30uS ISV
L3 Toaas LTIIoan 00 fUO —asey flel = vt fUTA ¢o1a7 pLAOD) TOI4 i 000 ‘uo-183 ‘eSH - €771 ‘3t
. S eE——
.4 L. v
e TR :
e 2 B
L e
o ~
P T
ROTIR cﬂ,-
T R v{l,’ N

*3UTY 13984 PUNOIR 91LP
Te g caao awop) 3sn laep o7 20T 133V $3UTT I9%BM
coxaz punody wotl 4J )0JE ‘uo~aprs ‘dese ~ 1701 *3ta

>

I 000 famay 21 unn fUd-2aDTS CalEL T

126
SECRET



£39IY fQI37 PUNOID WAL 2T OSDY
1337 70 CHUBL §VW - 7T COTd

*{T AONS 1913V
o fLo-208y ‘YUBL BYW ~ I7°d TITd

. -~

- E S et
TS

*€T 20YR I8qJy ‘0I37 pundln wodLy 1J 0607
fopTg JOT I9AQ U UG-9PTS ‘MUBL 87W - L7'Q "FIJ

~r

~ LY
- N g P

v ’

- q.
VOG- U P SRR .

*€T 20Us X233y ‘0187 puUNOIn WOIF 31F 0402
‘opTs 27oT 1240 WY ‘UO-8PTS YUEL @YW - G¥°d "STd

& 1
b

127

SECRET



Fig, D.49 - M48 Tenk, Side-on, CGun Cver Left Side,
<050 ft from Ground Zero, After Shot 13.

Fig. D,50 ~ T97, Face-on, Breaks Cff, 205C It
From Ground Zerc, After Shot 13,
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